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COMPOUNDS AND TH£m USES 



S This application claims benefit of U.S. Provisional Application No. 60/250,132, filed December 1, 2000, 

and U.S. Provisinal Application No. 60/3 10,274, filed August 9, 2001, the entire contents of each of which is 
incoiporated herein by reference. 

The present mvention relates to inhibitois of the nuclear en^one poly(adenosine 5'-diphospho-ribose) 
polymerase ["poly(ADP-ribose) polymerase** or TARP", which is also referred to as ADPRT (NAD^jrotein 

10 (ADP-ribosyl transferase (polymersing)) and PARS (poIy(ADP-ribose) synthetase) and provides compounds and 
compositions containing the disclosed compounds. Moreover, the present invention provides methods of using 
the disclosed PAR? inhibitors to prevent and/or treat tissue damage resulting from cell damage or death due to 
necrosis or apoptosis; neural tissue damage resulting from, for example, ischemia and reperfusion injury, such as 
cerebral ischemic stroke, head trauma or spinal cord injury; neurological disorders and neurodegenemtive 

15 diseases, such as, for example, Parkinson's or Alzheimer's diseases and multiple sclerosis; to prevent or treat 
vascular stroke; to treat or prevent cardiovascular disorders, such as, for example, myocardial in&rction; to treat 
other conditions and/or disorders such as, for example, age-related muscular degeneration, AIDS and other 
immune senescence diseases, inflammation, arthritis, gout, atherosclerosis, cachexia, cancer, degenerative 
diseases of skeletal muscle involving rq>licative senescence, diabetes (such as diabetes mellitus), inflammatory 

20 bowel disordeis (such as colitis and Crohn's disease), acute pancreatitis, mucositis, hemonfaagic shock, 
splanchnic artery occlusion shock, multiple organ failure (such as involving any of the kidney, liver, renal, 
pulmonaiy, retinal, pancreatic and/or skeletal muscle systems), acute autoimmime thyroiditis, muscular dystrophy, 
osteoarthritis, osteoporosis, chronic and acute pain (such as neuropathic pain), renal failm'e, retinal ischemia, 
septic shock (such as endotoxic shock), local and/or remote endothelial cell dysfunction (such are recognized by 

25 endo-dependent relaxant responses and up-regulation of adhesion molecules), inflammation and skin aging; to 

extend the lifespan and proliferative capacity of cells, such as, for example, as general mediators in the generation 
of oxidants, promflammatoiy mediators and/or cytokines, and general mediators of leukocyte infiltration, calcium 
ion overload, phospholipid peroxidation, impaired nitric oxide metabolism and/or reduced ATP production; to 
alter gene expression of senescent cells; or to radiosensitize hypoxic tumor cells. 

30 PARP (EC 2.4.2.30). also known as PARS (for poly(ADP-ribose) synthetase), or ADPRT (for 

NAD:protem (ADP-ribosyl) transferase (polymerising)) is a major nuclear protein of 116 kDa It is mainly present 
in almost all eukaiyotes. The enzyme synthesizes poly(ADP-ribose), a branched polymer that can consist of over 
200 ADP-ribose units from NAD. The protein acceptors of poly(ADP-ribose) are directiy or indirectiy involved 
in maintaining DNA integrity. They include histones, topoisomerases, DNA and RNA polymerases, DNA ligases, 

35 and Ca^^- and Mg^^-dependent endonucleases. PARP protein is expressed at a high level in many tissues, most 
notably in the immune system, heart, brain and germ-line cells. Under normal physiological conditions, there is 
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miiumal PARP activity. However, DNA damage causes an immediate activation of PAJEIP by up to 500-fold. 
Among the many functions attributed to PARP is its major role in facilitating DNA repair by ADP-ribosylation 
and therefore co-ordinating a number of DNA repair proteins. As a result of PARP activation, NAD levels 
significantly decline. While many endogenous and exogenous agents have been shown to damage DNA and 
5 activate PARP, peroxynitrite, formed from a combination of nitric oxide (NO) and superoxide, appears to be a 
main perpetrator responsible for various reported disease conditions in vivo, e.g., during shock, stroke and 
inflammation 

Extensive PARP activation leads to severe depletion of NAD in cells sufifering from massive DNA 
damage. The short life of poly(ADP-ribose) (half-life < 1 min) results in a rapid turnover rate. Once 

10 poIy(ADP-ribose) is formed, it is quickly degraded by the constitutively active poIy(ADP-ribose) glycohydrolase 
(PARG), together with phosphodiesterase and (ADP-ribose) protein lyase. PARP and PARG form a cycle that 
converts a large amount of NAD to ADP-ribose. In less than an hour, over-stimulation of PARP can cause a drop 
of NAD and ATP to less than 20% of the normal level. Such a scenario is especially detrimental during ischaemia 
when deprivation of oxygen has already drastically compromised cellular energy output Subsequent free radical 

15 production during repexfusion is assumed to be a major cause of tissue damage. Part of the ATP drop, which is 
typical in many organs during ischaemia and reperfusion, could be linked to NAD depletion due to 
poly(ADP-ribose) turnover. Thus, PARP or PARG inhibition is expected to preserve the cellular energy level to 
potentiate the survival of ischaemic tissues after insult 

Poly(ADP-ribose) synthesis is also involved m the induced expression of a number of genes essential for 

20 inflammatory response. PARP inhibitors suppress production of inducible nitric oxide synthase (iNOS) in 

macrophages, P-type selectin and intercellular adhesion molecule- 1 (ICAM-1) in endothelial cells. Such activity 
underlies the strong anti-inflammation effects exhibited by PARP inhibitors. PARP inhibition is able to reduce 
necrosis by preventing translocation and infiltration of neutrophils to the injured tissues. (Zhang, J. "PARP 
inhibition: a novel approach to treat ischaemia/reperfusion and inflammation-related injuries", Chapter 10 in 

25 Emerging Drugs (1999) 4: 209-22 1 Ashley Publications Ltd., and references cited therein.) 

PARP production is activated by damaged DNA fiagments which, once activated, catalyzes the 
attachment of up to 100 ADP-ribose units to a variety of nuclear proteins, including histones and PARP itself. 
During major cellular stresses the extensive activation of PARP can rapidly lead to cell damage or death through 
depletion of energy stores. As four molecules of ATP are consumed for every molecule of NAD (tiie source of 

30 ADP-ribose and PARP substrate) regenerated, NAD is depleted by massive PARP activation and, in the efforts to 
re-synthesize NAD, ATP may also be depleted. 

It has been reported that PARP activation plays a key role in both NMD A- and NO-induced 
neurotoxicity. This has been demonstrated in cortical cultures and in hippocampal slices wherein prevention of 
toxicity is directiy correlated to PARP inhibition potency (Zhang et al., "Nitric Oxide Activation of PoIy(ADP- 

35 Ribose) Syntiietase in Neurotoxicity", Science, 263:687-89 (1994) and Wallis et al., "Neuroprotection Against 
Nitric Oxide Injury with Inhibitors of ADP-Ribosylation", NeuroReport, 5:3, 245-48 (1993)), The potential role 
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of PARP inhibitors in treating neurodegenerative diseases and head trauma has thus been recognized even if the 
exact mechanism of action has not yet been elucidated (Endres et al., **Ischemic Brain Injury is Mediated by the 
Activation of Poly(ADP-Ribose)PoIymerase'\ J. Cereb. Blood Flow MetaboL, 17:1143-51 (1997) and WaiUs et 
al., "Traumatic Neuroprotection with Inhibitors of Nitric Oxide and ADP-Ribosylation, Brain Res., 710:169-77 
5 (1996)). 

Similarly, it has been demonstrated that single injections of PARP inhibitors liave reduced die in&rct 
size caused by ischemia and reperiiision of the heart or skeletal muscle in rabbits. In these smdies, a smgle 
injection of 3-amino-benzamide (10 mg/kg), either one minute before occlusion or one minute before reperfiision, 
caused simUar reductions in infarct size m the heart (32-42%) while 1,5-dihydroxyisoquinoline (1 mg/kg). another 

10 PARP inhibitor, reduced inferct size by a comparable degree (38-48%). Thiemermann et al., "Inhibition of the 
Activity of Poly(ADP Ribose) Synthetase Reduces Ischemia-Reperfusion Injury m the Heart and Skeletal 
Muscle", Proc. Natl. Acad. Sci. USA, 94:679-83 (1997). These results make it reasonable to suspect that PARP 
inhibitors could salvage previously ischemic heart or skeletal muscle tissue. 

PARP activation can also be used as a measure of damage following neurotoxic insults following over- 

15 exposure to any of glutamate (via NMDA receptor stimulation), reactive oxygen intermediates, amyloid p - 
protein, N-methyl-4-phenyl-l A3,64etrahydr6pyridini5 (MPTP) or its active metabolite N-methyl-4- 
phenylpyridine (MPP*), which participate in pathological conditions such as stroke. Alzheimer's disease and 
Paridnsorfs disease. Zhang et aL, "Poly(ADP-Ribose) Synthetase Activation: An Early Indicator of Neurotoxic 
DNA Damage", J. Neurochem., 65:3, 141 1-14 (1995). Oflier studies have continued to explore the role of PARP 

20 activation in cerebeUar granule cells in vitro and in MPTP neurotoxicity. Cosi et al., "Poly(ADP-Ribose) 

Polymerase (PARP) Revisited. A New Role for an Old Enzyme: PARP Involvement in Neurodegeneration and 
PARP Inhibitors as Possible Neuroprotective Agents", Ann. N. Y. Acad. Sci., 825:366-79 (1997); and Cosi et al., 
"Poly(ADP-Ribose) Polymerase Inhibitors Protect Against MPTP-induced Depletions of Striatal Dopamine and 
Cortical Noradrenaline in C57B1/6 Mice", Brain Res., 729:264-69 (1996). Excessive neural exposure to 

25 glutamate, which serves as the predominate central nervous system neurotransmitter and acts upon the N-methyl- 
D-aspartate (NMDA) receptors and other subtype receptors, most often occurs as a result of stroke or otbst 
neurodegenerative processes. Oxygen deprived neurons release glutamate m great quantities during ischemic 
brain insult sudhi as during a stroke or heart attack. This excess release of glutamate m turn causes over- 
stimulation (excitotoxicity) of N-methyl-D-aspartate (NMDA), AMPA, Kainate and MGR receptors, which open 

30 ion channels and permit uncontrolled ion flow (e.g., Ca^* and Na* into tiie cells and K"" out of the cells) leading to 
overstimulation of the neurons. The over-stimulated neurons secrete more glutamate, creating a feedback loop or 
domino eflfect which ultinaately results in ceU damage or death via ttie production of proteases, lipases and free 
radicals. Excessive activation of glutamate receptors has been implicated in various neurological diseases and 
conditions including epilepsy, stroke, Alzheimer's disease, Parkinson's disease. Amyotrophic Lateral Sclerosis 

35 (ALS), Huntington's disease, schizophrenia, chronic pain, ischemia and neuronal loss follo%ving hypoxia, 
hypoglycemia, ischemia, trauma, and nervous insult Glutamate exposure and stimulation has also been 
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implicated as a basis for compulsive disorders, pardculariy drug dependence. Evidence includes findings in many 
animal species, as well as in cerebral cortical cultures treated with glutamate or NMD A, that glutamate receptor 
antagonists (i.e., compounds which block glutamate from binding to or activating its receptor) block neural 
damage following vascular stroke. Dawson et al., *Trotection of the Brain from Ischemia", Cerd)ravascular 

5 Disease, 3 19-25 (H. Hunt Batjer ed., 1997). Attempts to prevent axcitotoxicity by blocking NMDA, AMPA, 
Kainate and MGR receptors have proven difficult because each receptor has multiple sites to which glutamate 
may bind and hence finding an effective mix of antagonists or universal antagonist to prevent binding of 
glutamate to all of the receptor and allow testing of this theory, has been difBcult. Moreover, many of the 
compositions that are effective in blocking the receptors are also toxic to animals. As such, there is presently no 

10 known effective treatment for glutamate abnormalities. 

The stimulation of NMDA receptors by glutamate, for example, activates the enzyme neuronal nitric 
oxide synthase (nNOS), leading to the formation of nitric oxide (NO), which also mediates neurotoxicity. NMDA 
neurotoxicity may be prevented by treatment with nitric oxide synthase (NOS) inhibitors or through targeted 
genetic disruption of nNOS in vitro. Dawson et al., "Nitric Oxide Mediates Glutamate Neurotoxicity m Primary 

15 Cortical Cultures", Proc. Natl. Acad. Sci. USA, 88:6368-71 (1991); and Dawson et al., 'T^echanisms of Nitric 
Oxide-mediated Neurotoxicity in Primary Brain Cultures", J. Neurosci., 13:6, 2651-61 (1993). Dawson et al., 
"Resistance to Neuiotoxicify in Cortical Cultures firom Neuronal Nitric Oxide Synthase-Deficient MLce", J. 
Neuiosci., 16:8, 2479-87 (1996), ladecola, "Bright and Daik Sides of Nitric Oxide m Ischemic Brain Injury", 
Trends Neurosci., 20:3, 132-39 (1997), Huang et al., "Effects of Cerebral Ischemia in Mice Deficient in Neuronal 

20 Nitric Oxide Synthase", Science, 265:1883-85 (1994), Beckman et al., "Pathological hnpUcations of Nitric Oxide, 
Superoxide and Peroxynitrite Formation", Biochem. Soc. Trans., 21:330-34 (1993), and Szabo et al., "DNA 
Strand Breakage, Activation of Pbly(ADP-Ribose) Synthetase, and Cellular Energy Depletion are Involved in the 
Cytotoxicity in Macrophages and Smooth Muscle Cells Exposed to Peroxynitrite", Proc. Natl, Acad Sci. USA, 
93:1753-58(1996). 

25 It is also known that PARP inhibitors, such as 3-amino benzamide, affect DNA repair generally in 

response, for example, to hydrogen peroxide or ganuna-mdiatioa Cristovao et al., "ISffect of a Poly(ADP-Ribose) 
Polymerase Inhibitor on DNA Breakage and CJytotoxicity Induced by Hydrogen Peroxide and y-Radiation," 
Teiato., Carcuio., and Muta, 16:219-27 (1996). Specifically, Cristovao et al. observed a PARP-dependent 
recoveiy of DNA strand breaks in leukocytes treated with hydrogen peroxide. 

30 PARP inhibitors have been reported to be effective in radiosensitizing hypoxic tumor ceils and effective 

in preventing tumor cells firom recovering from potentially lethal damage of DNA after radiation ttierapy, 
presumably by their ability to prevent DNA repair. U. S. Patent Nos. 5,032,617; 5,215,738; and 5,041,653. 

Evidence also exists that PARP inhibitors are useful for treating inflammatory bowel disorders, such as 
colitis. Salzman et al., "Role of Peroxynitrite and Poly(ADP-Ribose)Synthase Activation Experimental Colitis," 

35 Japanese J. Pharm., 75, Supp. 1: 15 (1997). Specifically, Colitis was induced in rats by intraluminal administration 
of die hapten trinitrobenzene sulfonic acid in 50% etiianol. Treated rats received 3-aminobenzamide, a specific 
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inhibitor of PARP activity. Inhibition of PARP activity reduced the inflammatory response and restored the 
morphology and the energetic status of the distal colon. See also, Southan et al., "Spontaneous Rearrangement of 
Aminoalkylithioureas into Mercaptoalkylguanidines, a Novel Class of Nitric Oxide Synthase Miibitors with 
Selectivity Towards the Inducible Isoform", Br. J. Pharm., 117:619-32 (1996); and Szabd et al., 
5 "Mercaptoethylguanidine and Guanidine Inhibitors of Nitric Oxide Synthase React with Peroxynitrite and Protect 
Against Peroxynitrite-induced Oxidative Damage", I Biol. Chem., 272:9030-36 (1997). 

Evidence also exists that PARP inhibitors are useful for treating arthritis. Szab6 et al., "Protective 
Effects of an Inhibitor of Poly(ADP-Ribose)Synthetase in Collagen-Induced Arthritis," Japanese J. Pharm., 75, 
Supp. 1:102 (1997); Szab6 etal., "DNA Strand Breakage, Activation of Poly(ADP-Ribose)Synthetase, and 

10 Cellular Energy Depletion are Involved in the Cytotoxicity in Macrophages and Smooth Muscle Cells Exposed to 
Peroxynitrite," Proc. Natl. Acad. Sci. USA, 93:1753-58 (March 1996); and Bauer et al., "Modification of Growth 
Related Enzymatic Pathways and Apparent Loss of Tumorigenicity of a ras-transformed Bovine Endothelial Cell 
Line by Treatment with 5-Iodo-6-amino-l,2-ben2opyrone (INH2BP)", Intl. J. Oncol., 8:239-52 (1996); and 
Hughes et al., "Induction of T Helper Cell Hyporesponsiveness in an Experimental Model of Autoimmunity by 

15 Using Nonmitogenic Anti-CD3 Monoclonal Antibody", J. Immuno., 153:3319-25 (1994). 

Further, PARP inhibitors appear to be useful for treating diabetes. Heller et al., "Inactivation of the 
Poly(ADP-Ribo5e)Polymerase (jene Affects Oxygen Radical and Nitric Oxide Toxicity in Islet C^Us,** J. Biol. 
Ghent, 270: 19, 1 1 176-80 (May 1995). HfeUer et at used cells from mice with inactivated PARP genes and found 
that these mutant cells did not show NAD"^ depletion after exposure to DNA-damaging radicals. Hie mutant cells 

20 were also found to be more resistant to the toxicity of NO. 

PARP inhibitors have been shown to be useful for treating endotoxic shock or septic shock. Zingarelli et 
al., *Trotective Effects of Nicotinamide Against Nitric Oxide-Mediated Delayed Vascular Failure in Endotoxic 
Shock: Potential Involvement of PolyADP Ribosyl Synthetase," Shock, 5:258-64 (1996). suggests that inhibition 
of the DNA repair cycle triggered by poly(ADP ribose) synthetase has protective effects against vascular failure 

25 in endotoxic shock. Zingarelli et al. found that nicotinamide protects against delayed, NO-mediated vascular 
failure in endotoxic shock. Zingarelli et al. also found that the actions of nicotinaniide may be related to 
inhibition of the NO-mediated activation of the energy-consuming DNA repair cgrcle, triggered by poly(ADP 
ribose) synthetase. Cuzzocrea, "Role of Pero?^trite and Activation of Poly(ADP-Ribose) Synthetase in the 
Vascular Failure Induced by Zymosan-activated Plasma,".Brit I Phaim., 122:493-503 (1997). 

30 PARP inhibitors have been used to treat cancer. Suto et al., "Dihydroisoquinolinones: The Design and 

Synthesis of a New Series of Potent Inhibitors of Poly(ADP-Ribose) Polymerase", Anticancer Drug Des., 7: 107- 
17 (1991). In addition, Suto et al., U.S. Patent No. 5,177,075, discusses several isoquinolines used for enhancing 
tlie lethal effects of ionizing radiation or chemotherapeutic agents on tumor cells. Weltin et al., "Effect of 6(5//)- 
Phenanthridinone, an Inhibitor of Poly(ADP-ribose) Polymerase, on Cultured Tumor Cells", Oncol Res., 6:9, 

35 399-403 (1994), discusses the inhibition of PARP activity, reduced proliferation of tumor cells, and a marked 
synergistic effect when tumor cells are co-treated with an allgrlating drug. 
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Still another use for P ARP inhibitors is the treatment of peripheral nerve injuries, and the resultant 
pathological pain syndrome known as neuropathic pain, such as that induced by chronic constriction injury (CCI) 
of the common sciatic nerve and in v^^hich ttanssynaptic alteration of spinal cord dorsal horn characterized by 
hyperchromatosis of cytoplasm and nucleoplasm (so-called "dark" neurons) occurs. Mao et al., Pain, 72:355-366 
5 (1997). 

PARP inhibitors have also been used to extend the lifespan and proliferative capacity of cells including 
treatment of diseases such as skin aging, Alzheimer's disease, atherosclerosis, osteoarthritis, osteoporosis, 
muscular dystrophy, degenerative diseases of skeletal muscle involving replicative senescence, age-related 
muscular degeneration, immune senescence, AIDS, and other immune senescence diseases; and to alter gene 

10 expression of senescent cells. WO 98/27975. 

Large numbers of known PARP inhibitors have been described in Banasik et al., "Specific Inhibitors of 
Poly(ADP-Ribose) Synthetase and Mono(ADP-Ribosyl)-Transferase", J. Biol. Chem., 267:3, 1569-75 (1992), and 
in Banasik et al., "Inhibitors and Activators of ADP-Ribosylation Reactions", Molec. Cell. Biochem., 138:185-97 
(1994). However, effective use of these PARP inhibitors, in the ways discussed above, has been limited by the 

15 concurrent production of unwanted side-effects (Milam et al., "Inhibitors of Poly(Adenosine Diphosphate-Ribose) 
Syndesis: Effect on Other Metabolic Processes", Science, 223:589-91 (1984)). 

In addition to the above, PARP inhibitors have been disclosed and described in the following 
mtemational patent ^plications: WO 00/42040; WO 00/39070; WO 00/39104; WO 99/11623; WO 99/11628; 
WO 99/11622; WO 99/59975; WO 99/11644; WO 99/11945; WO 99/11649; and WO 99/59973. 

20 A recent comprehensive review ofthe state ofthe art has been published by Li and Zhang in IDrugs 

2001, 4(7): 804-812 (PharmaPress LW ISSN 1369-7056). 

There continues to be a need for effective and potent PARP inhibitors which produce minimal side- 
effects. The present invention provides compounds, compositions for, and methods of, inhibiting PARP activity 
for treating and/or preventing cellular, tissue and/or organ damage resulting fi-om cell damage or death due to, for 

25 example, necrosis or apoptosis. The compounds and compositions of the present invention are specifically usefiil 
in ameliorating, treating and/or preventing neural tiissue or cell damage, including that following focal ischemia 
and reperfusion mjury. Generally, inhibition of PARP activity spares the cell from energy loss, preventing 
irreversible depolarization of the neurons and, thus, provides neuroprotectioxL While not wishing to be bound by 
any mechanistic theory, the inhibition of PARP activity by use of the compounds, compositions and methods of 

30 the present invention is believed to protect cells, tissue and organs by protection against the ill-efifects of reactive 
free radicals and nitric oxide. The present invention therefore also provides methods of treating and/or preventing 
cells, tissue and/or organs fiom reactive iGree radical and/or nitric oxide induced damage or injury. 

SUMMARY OF THE INVENTION 

35 
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The present invention provides compounds described herein, derivatives thereof and their uses to inhibit 
poly(ADP-ribose) polymerase ("PARP"), compositions containing these compounds and methods for making and 
using these PARP inhibitors to treat, prevent and/or ameliorate the effects of the conditions described herein. 

The compounds of the present invention are broadly described by the following Formula 1: 
W 




where 

10 A is N, C, CHz or CH; 

Bis C,N,NH,S, SOorSOz; 

W is S or 0; 

XisCOiorN; 

Y is carbon or N; 
15 Z is C, CH2. N. C=0; 

preferably, provided that at least one of X, Y or Z is nitrogen; 

R,, R2, R3 and R5, when present, are independentiy H, -OH, =0 or an optionally substituted alkyl, 
alkenyl, allgmyl, alkoxy, carboxy cycloalkyl, heterocycloalkyi, aiyl, heteroaiyl, halogen, amine, -CORg, where Rg 
is H, -OH an optionally substituted alkyl, alkenyl, alkynyl, alkojcy, carboxy cycloalkyl, heterocycloalkyi, aiyl or 
20 heteroaiyl, or -OR^ or -NR^R? where R^ and R7 are each mdependently hydrogen or an optionally substituted 
alliyl, alkenyl, alkynyl, cycloalkyl, heterocycloalkyi, aryl or heteroaiyl; and 

any of Ri. R2, R3 and R5 may additinally be connected to the ring through a straight or branched CrC4 
alkyl which may additionally contain 1 or 2 double or triple bonds; and 

when any of A, X or Z is carbon, any of the attached Ri, R2, and R3 may additionally be independently 
25 selected from halogen, cyano or oxygen; and 

R4 is, when present, 1-3 substituents which may be independently selected from hydrogen, halogen or 

alkyl. 

In preferred embodiments, the present invention provides compounds, compositions and methods of 
makmg and using the following: 
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Ml.and 



wherein Ri - R5 are as described herein. 
BRIEF DESCRIPTION OF THE DRAWINGS 

Figuxe 1 shows the distribution of the cross-sectional in&rct area at representative levels along the 
jtrocaudal axis, as measured from the interaural line in non-treated animals and in animals treated with 10 
f^g of 3,4-dihydro-5-[4- (l-piperidinyl)-botoxyl] -1 (27i0-isoqmnolinone. 

Figure 2 shows the effect of intraperitoneal administration of 3,4-dihydro-5-I4-(l-piperidiny i)-butoxy]- 
//)-isoquinolinone on the infarct volume. 

DETAILED DESCRIPTION 

The present invention pertains to compounds, pharmaceutical compositions containing die same, 
thods of using the same, and process of making the same, including methods of making medicaments 
itaining the compounds described herein for use in the described methods, wherein such compounds are useful 
inhibitors of poly(ADP-ribose) polymerase (PARP). As such, they treat or prevent neural tissue damage 
ulting from cell damage or death due to necrosis or apoptosis, cerebral ischemia and reperflision injury or 
Ijrodegenerative diseases in an animal; they extend the lifespan and proliferative capacity of cells and thus can 
\\xsed to treat or prevent diseases associated therewith; they alter gene expression of senescent cells; and they 
iiosensitize hypoxic tumor cells. Preferably, the compounds of the invention treat or prevent tissue damage 
lilting from cell damage or death due to necrosis or apoptosis, and/or effect neuronal activity, either mediated 
I gnot mediated by NMD A toxicity. These compounds are thought to interfere with more than the glutamate 
jrotoxicity and NO-mediated biological pathways. Further, the compounds of the invention can treat or prevent 
jier tissue damage related to PARP activatioa The presetit uivention provides compounds which inhibit 
ly(ADP-ribose) polymerase ("PARP"), compositions containing these compounds and methods for using these 
^ inhibitors to treat, prevent and/or ameliorate the efBscts of the conditions described hereia 
In one embodiment, the present mvention provides compounds of Formula I: 
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W 




I 



where 



5 



AisN,C,CH2orCH; 

B is C, N, NH, S, SO or SO2 ; 

WisSorO; 



XisC,CH,orN; 
Y is carbon or N; 
ZisC.CH2,N,O0; 

preferably provided that at least one of X, Y or Z is nitrogen: 

Ri, R2, R3 and R5 , when present, are independently H, -OH. =0, or an optionally substituted alkyl, 
alkenyl, allQaiyl, alkoxy, carboxy, cycloallcyi, heterocycloalkyl, aryl, heteroaiyl, halogen, amine, -COR«, where Rg 
is H, -OH, an optionally substituted alkyl, alkenyl, alkoxy, carboxy, alkynyl, cycloalkyl, heterocycloalkyl, aryl or 
heteroaiyl, or -ORs or -NR^R? where R^ and R7 are each independently hydrogen or an optionally substituted 
alkyl. alkenyl, aIkynyl,-cycloalkyl, heterocycloalkyl, aryl or heteroaryl; and 

any of Ri , R2, R3 and R5 may additinally be connected to ttie ring through a straight: or branched Ci -C4 
alkyl which may additionally contain 1 or 2 double or triple bonds; and 

when any of A, X or Z is caibon, my of the attached R, , R2, and R3 may additionally be independenfly 
selected from halogen, cyano or oxygen; and 

R4 is, when present, 1-3 substituents which are independently selected from hydrogen, halogen or alkyl. 

In an alternate embodiment, at least one of Ri, R2, R3 and R5 is a solubilizing group which increases by 
10 fold the solubility of the compound of formula I in water at 25°C as compared to the compound of formula I in 
the absence of said solubilizing group and X, Y and Z may all be otiier than N or at least one of X, Y or Z may be 
N.. 

In yet another embodiment, the present invention provides a compound of the following formula: 



25 
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wherein Ri, R2 and R3 when present, are independently H, halogen, amino, hydroxy, halogen- 
substituted amino, -0-alkyl, -0-aryl, or an optionaUy substituted alkyl, alkenyl, alkynyl, alkoxy, carboxy, 
cycloalkyl, heterocycloalkyl, aiyl, heteroaryl, -CORg, where Rg is H, -OH an optionally substituted alkyl, aJkoxy, 
alkenyl, alkynyl, cycloalkyl, heterocycloalkyl, aiyi or heteroaryl, or -OR^ or -NR^R? where R^ andR? are each 
independenUy hydrogen or an optionally substituted alkyl, alkenyl, alkynyl, cycloalkyl, heterocyclo^l, aiyl or 
heteroaryl; and 

R4 is, when present, independenfly selected from hydrogen, halogen, alkoxy or alkyl. In one 
embodiment, R4 is halogen, such as fluorine and optionally only one R4 is present on the ring. 

In a farther embodiment of the present invention, a compound of the following formula is provided: 
O 



Rr^H R2 n-6 

wherein Ri, R2 and R3, when present, are, independently, H, amino, hydroxy, halogen-substituted 
amino, -O-alkyl, -Oaiyl. or an optionaUy substituted alkyl, alkenyl, alkynyl, alkoxy, carboxy. cycloalkyl, 
heterocycloalkyl, aryl, heteroaryl, -COR«, where Rs is H, -OH, an optionally substituted alkyl, alkenyl, alkynyl, 
cycloalkyl, h^rocycloalkyl, aryl or heteroaryl, or -OR^ or -NReR? where Re and R7 are each independentiy 
hydrogen or an optionally substituted alkyl, alkenyl, alkynyl, cycloalkyl, heterocycloalkyl, aryl or heteroaryl; anc 

R, is, when present, is independentiy selected from hydrogen, halogen, alkoxy or alkyl. In one 
embodiment, R4 is halogen, such as fluorine and optionally only one R, is present on die ring. 

The invention further provides compositions, preferably pharmaceutical compositions, which contains 
pharmaceutically acceptable carrier or diluent and at least one compound disclosed herein. 

In preferred embodiments, the present invention provides compounds, compositions and mefliods of 
making and using the following: 





M, preferably wherein Ri is absent; 
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O 




'^i 1-4, preferably wherein either or both of R2 and R3 is absent; 



O 




1 II-5, preferably wherein R4 is absent; 
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wherein Ri - R5 are as described hereia Any of Ri, R2, R3 and/or R5 may additionally be defined as any 

ofR9C(0)OR9,R9C(0)ORio,R90R9N(R9R9), R90R9N(R9(R9Rio)),R90R9, RsORio, R9RioC(0)OR9, 
R,oC(0)OR,o,R9RioOR9N(R9R9), R9RioOR9N(R9(R9Rio)), R9R10OR9, R9R10OR10, R9N(R9R9)R9N(R9R9) , 
R9N(R9R9)R9N(R9Rio). R9N(R9R9)R9N(RioRio) , wherein R9, when present, may be individually selected from H, 
15 a bond, straight or branched allcyl (Ci-Ce) or straight or branched alkenyl (Ci-Ce) and Rio may be H, straight or 
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branched alkyl (CpCe) or straight or branched alkenyl (Ci-Ce) or an individuaUy substituted or unsubstituted aiyl, 
heteroaiyl, cycloalkyl or heterocycloalkyl 

The present invention includes compounds of formula I-l wh^ein when Ra and R5 are hydrogen, R| is 
not hydrogen or bromine or haiogea The present invention includes compounds of formula 1-2 wherein R|, R2, 
5 R3 and R5 are not all hydrogea The present invention includes compounds of formula 1-2 wherein when Rs and 
R3 is hydrogen, R| is not halogen when R2 is hydrogen, and R2 is not phenyl when R| is hydrogen. The present 
invention includes compounds of formula 1-4 wherein when R2 and R3 are hydrogen, Ri is not me&yl or efliyl. 
The present invention includes compounds of formula n-5, n-9 and H-IO wherein R, , R2 and R4 are not all 
hydrogen. The present invention includes compounds of formula II-6 wherein Ri , R2 and R4 are not all hydrogen. 
10 The present invention includes compounds of formula 1-8 wherein Ri , R2, R3 and R5 are not all hydrogen. 

Compositions containing tiiese preferred and alternate embodiments and methods of making and using 
the same, as described herein, are also preferred 

Preferred compounds of the present invention include compounds of Formula I-l wherein Ri and R2 are 
individually eitiier absent or individually selected from halogen, alkoxy, carboxy, amine, an ester, an eflier, 
15 straight or branched alkylamino, straight or branched alkylaminoalkylamino, alkojgr, aiyloxy, optionally 

substituted cycloalkyl, heterocycloalkyl, aryl, heteroaryl, -CORg, wherein Rg is an optionaDy substituted alkyl, 
aryl or heteroaryl; stiaigjit or branched aUqrl, alkenyl or alkyi^l, strai^t or branched alkylaiyl, optionally 
substituted aryl containing 1 or 2 jRised aryl or aryl and cycloalkyl rings; and optionally substituted heteroaryl or 
heterocyclic rings containing 1, 2 or 3 heteroatoms and 1 or 2 fused rings, the heteroatoms being selected from O, 
20 S and N, wherein ttie aryl, heteroaryl or heterocycle may be optionally connected to the compound of formula M 
by a straight or branched alkyl, alkenyl, or alkynyl. R5 is optionally absent or H, straight or branched alkyl, 
carijonyl, alkoxy, caroxy, amine, alkenyl or akynyl, an ester, an ether, optionally substituted aiyl containing 1 or 2 
fused aryl or aiyl and cycloalkyl rings; optionally substituted cycloalkyl, heterocycloalkyl, aryl, heteroaryl, - 
COR«, wherein Rs is an optionaUy substituted alkyl, aryl or heteroaryl; an optionally substituted heteroaryl or 
25 heterocyclic rings containing 1, 2 or 3 heteroatoms and 1 or 2 fused rings, die heteroatoms being selected from O, 
S and N. wherein the aryl, cycloalkyl, heteroaryl or heterocycle described in flie present disclosure may be 
optionally connected to the compound of formula I-l or to each otiier by a straight or branched alkyl or a bond 
Optional substituents as described herein include halogen, amino, carbonyl, hydroxyl, nitro, nitroso, sbraight or 
branched alkylamino, straight or branched alkylaminoalkylamino, straight or branched alkyltiiioallqrlamino, 
30 straight or branched alkyttuoalkylaryl, alkoxy, aryloxy, straight or branched allqrl, straight or branched alkylaryl, 
straight or branched alkylheteroaryl, aryl, heteroaryl, cycloalkyl, heterocycloallQrl, and straight or branched 
alkylheterocycle. 

Preferred compounds of the present invention mclude compounds of Formula 1-2 wherein R2 is =0 or - 
OH or alkoxy, such as methoxy, etiioxy, propoxy etc.; Ri and R3 are individuaUy eitiier absent or individually 
35 selected from halogen; straight or branched alkylamino. straight or branched alkylaminoalkylamino, alkoxy, 
arylo\7, straight or branched alkyl, straight or branched alkylaryl, optionaUy substituted aryl containing 1 or 2 
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iused aiyl or aiyl and cycloalkyl rings; and optionally substituted heteroaryl or heterocyclic rings containing 1, 2 
or 3 heteroatoms and 1 or 2 fused rings, the heteroatoms being selected jQrom 0, S and N, wherein the aiyl, 
heteroaryl or heterocycle may be optionally connected to the compound of formula 1-2 by a straight or branched 
alky], aikenyl, or alkynyl; R5 is optionally absent or H, straight or branched alkyl. caibonyl, optionally 

5 substituted aryl containing 1 or 2 fused aiyl or aiyl and qrcloalkyl rings; an optionally substitutsd heteroaryl or 
heterocyclic rings containing 1, 2 or 3 heteroatoms and 1 or 2 fiised rings, the heteroatoms being selected from O, 
S and N* wherein the aiyl, heteroaiyl or heterocycle may be optionally connected to the compound of formula 1-2 
by a straight or branched aU^l. Optional substituents as described herein include halogen, ammo, carbonyl, 
hydroxyl, nitro, nitroso, straight or branched allQrlamino, straight or branched alkylaminoalkylamino, straight or 

10 branched allcylthioalkylamino, straight or branched alkythioalkylaiyl, alkoxy, aiyloxy, straight or branched alkyl, 
straight or branched alkylaryl, straight or branched alkylheteroaiyl, aiyl, heteroaryl, cycloaU^l, heterocycloalkyl, 
and straight or branched alkylheterocycle. 

Preferred compounds of the present invention include compounds of Formulas I-3a and I-3b wherein Ri, 
R2 and R3 are individually either absent or individually selected from halogen; straight or branched alkylamino, 

15 straight or branched alkylaminoalkylamino, alko^Q^, aryloxy, strai^t or branched allq^l. straight or branched 
• alkylaiyl, optionally substituted aiyl containing 1 or 2 fused aiyl or aiyl and cycloalkyl rijigs; and optionally 
substituted heteroaiyl or heterocyclic rings containing 1, 2 or 3 heteroatoms and 1 or 2 fused rings, the 
heteroatoms being selected from O, S and N, wherein the aiyl, heteroaiyl or heterocycle may be optionally 
connected to the compound of formula I-3a or I-3b by a strai^t or branched allgrl, aikenyl, or alkynyl. R5 is 

20 optionally absent or H, straigjit or branched alkyl, carbonyl, optionally substituted aiyl containing I or 2 fused 
aiyl or aiyl and cycloalkyl rings; an optionally substituted heteroaryl or heterocyclic rings containing 1, 2 or 3 
heteroatoms and 1 or 2 fused rings, the heteroatoms being selected from O, S and N, wherein the aiyl, heteroaiyl 
or heterocycle may be optionally connected to the compound of formula I-3a or I-3b by a straight or branched 
alkyl. Optional substituents of the rings include halogen, amino, carbonyl, hydroxyl, nitro, nitroso, straight or 

25 branched alkylamino, straight or branched alkylaminoalkylamino, straigjit or branched alkylthioalkylamino, 

straight or branched alkylthioalkylaryl, alkoxy, aryloxy, straight or branched alkyl, straight or branched alkylaiyl, 
straight or branched alkylheteroaiyl, aiyl, heteroaryl, cycloalkyl, heterocycloalkyl and straight or branched 
alkylheterocycle. 

Preferred compounds of the present invention include compounds of Formula I-3c wherein B is S, SO or 
30 SO2; Ri is optionally substituted alkyl, aikenyl, alkynyl, alkoxy. carboxy, cycloalkyl, heterocycloakyl, aiyl, 

heteroaryl, halogen, -CORs, wherein R« is H, -OH, an optionally substituted alkyl, alkoxy, or -ORe, wherein Re is 
hydrogen, or an optionally substituted alkyl; and A is N, C, CH or CH2. A of Formula I-3c is preferably N or 
CH2. Optional substituents as described herein include halogen, amino, caibonyl, hydroxyl, nitro, nitroso, straight 
or branched alkylamino, straight or branched alkylaminoalkylamino, straight or branched alkylthioalkylamino. 
35 straight or branched alkylthioalkylaiyl, alkoxy, aiyloxy, straight or branched alkyl, straight or branched alkylaiyl, 
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straight or branched alkylheteroaryl, atyl, heteroaiyl, cycloalkyl, heterocycloallg^l and strai^t or branched 
alkylheterocycle. 

Preferred compounds of the present invention incuded compounds of Formula I-3d wherein Rj, R2 and 
R5 are, independently^ hydroen, halogen, hydroxy, an optionally substituted alkyl, alkenyl, alkynyl, alkoxy, 
5 carboxy, an ester, an ether, cycloalkyl, heterocycloalkyi, aiyl, or heteroaryl; -CORg, where Rg is H, -OH, an 
optionally substituted alkyl, alkoxy, or -OR^ where R^ is independently hydrogen or an optionally substituted 
alkyl; and A is C, CH or 0(2. Optional substituents as described herein include halogen, amino, caibonyl, 
hydroxy!, nitro, nitroso, straight or branched alkylamino, straight or brandied alkylaminoalkylamino, straight or 
branched alkyltfaioalkylamino, straight or branched alkylthioalkyrlaryl, sikoxy, aryloxy, straight or brandied alkyl, 

10 straight or branched aDcylaryl, straight or branched alkylheteroaryl, aiyl, heteroaryl, cydoalkyl, heterocycloalkyi 
and straight or branched alkylheterocycle. 

Preferred compoimds of the present ivnention included compounds of formula I-3e wherein R\ and/or R5 
are, independently, halogen, H, OH, =0 or an optionally substituted alkyl, alkenyl, alkenyl, alkynyl, cycloalkyl, 
heterocycloalkyi, aiyl, heteroaryl, -CORg, where Rg is H, -OH, an optionally substituted all^l, alkenyl, alkynyl, 

15 cycloalkyl, heterocycloallQ^l, aryl or heteroaryl, or -0R6 or -NR^R? where R^ and R? are each independently 
hydrogen or an optionally substituted alkyl, alkenyl, alkynyl, cycloalkyl, heterocycloalkyi aiyl or heteroaryl. 
Optional substituents as described herein indude halogen, amino, caibonyl, hydroxy!, nitro, nitroso, straight or 
branched alkylamino, straigjht or branched alkylaminoalkylamino, straight or branched alkylthioalkylamino, 
straight or branched alkylthioaDg^laiyl, a&ojsy, aiyloxy, straight or branched aOsyl strai^t or branched alkylaiyl, 

20 straight or branched alkylheteroaryl, aiyl, heteroaryl, cycloalkyl, heterocycloalkyi and strai^t or branched 
alkylheterocycle. 

Preferred compounds of the present invention include compounds of Formulas 1-4 wherein R|, R2 and R3 
are individually either absent or individually selected from halogen; straight or branched alkylamino, straight or 
branched alkylaminoalkylamino, alkoxy, aiyloxy, straight or branched alkyl, straight or branched alkylaiyl, 

25 optionally substituted aiyl containing 1 or 2 fused aiyl or aryl and cycloalkyl rings; and optionally substituted 
heteroaiyl or heterocyclic rings containing 1, 2 or 3 heteroatoms and 1 or 2 fused rings, the heteroatoms being 
selected from O, S and N, wherein the aiyl, heteroaryl or heterocycle may be optionally connected to the 
compound of formula 1-4 by a straight or branched alkyl, alkenyl, or alkynyl. Optional substituents as described 
herein include halogen, amino, caibonyl, hydroxyl, nitro, nitroso, strai^ or branched alkylamino, straight or 

30 branched alkylaminoalkylamino, alko^Q^, aryloxy, straight or branched alkyl, straight or branched alkylaiyl, 
straight or branched alkylheteroaryl, aiyl, heteroaiyl, cycloalkyl, heterocycloall^l and straight or branched 
alkylheterocycle 

Preferred compounds of the present invention include compounds of Formulas 11-5, II-9, 11-10 and 11-6 
wherein Ri and R2 are individually either absent or individually selected from halogen; straight or branched 
35 alkylamino, straight or branched alkylaminoalkylamino, alkoxy, aryloxy, straight or branched alkyl, straight or 
branched alkylaryl, optionally substituted aiyl containing 1 or 2 fused aryl or aiyl and cycloalkyl rings; and 
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optionally substituted heteroaiyl or heterocyclic rings containing 1, 2 or 3 heteroatoms and 1 or 2 fused rings, the 
heteroatoms being selected from O, S and N, wherein the aiyl, heteroaiyl or heterocycle may be optionally 
connected to the compound of formula E-S, n-9, E-IO or n-6 by a straight or branched alkyl, alkenyl, or alkynyl 
R4 is as defined herein. Optional substituents as described herein include halogen, amino, carbonyl, hydro:Q^l, 

5 nitro, nitroso, straight or branched alky lamino, straight or branched alfcylaminoalkylamino, straight or branched 
alkylthioalkylamino, straight or branched alkylthioalfcylaryl, alkojqr, aiyloxy, straight or branched alkyl, straight 
or branched alkylaryl, straigjit or branched alkylheteroaiyl, aiyl, heteroaiyl, cycloalkyl, hetero(g^cloalfcyl and 
straight or branched allgrlheterocycle 

Preferred compounds of the present invention include compounds of Formula I-7a and I-7b wherein Ri , 

10 R2 and R3 are individually either absent or individuaUy selected ftom halogen; straight or branched alkylamino, 
straight or branched alkylaminoalkylamino, alkoxy, aryloxy, straight or branched alkyl, straight or branched 
alkylaiyl, optionally substituted aiyl containing 1 or 2 fiised aiyl or atyl and cycloalkyl rings; and optionaUy 
substituted heteroaryl or heterocyclic rings containing 1, 2 or 3 heteroatoms and 1 or 2 fiised rings, the 
heteroatoms being selected from O, S and N, wherein the aiyl, heteroaryl or heterocycle may be optionally 

15 connected to the compounds of formulas I-7a and I-7b by a straight or branched alkyl, alkenyl, or alkynyl R5 is 
optionally absent or H, straight or branched alkyl, carbonyl, optionally substituted aryl containing 1 or 2 fused 
aiyl or atyl and cycloalkyl rings; an optionally substituted hetaroaiyl or heterocyclic rings containing 1, 2 or 3 
heteroatoms and 1 or 2 fused rings, the heteroatoms being selected from 0, S and N, wherein the aryl, heteroaiyl 
or heterocycle may be optionally connected to the compounds of formulas I-7a and I-7b by a strai^t or branched 

20 alkyl. Optional substituents as described herem include halogen, amino, carboigrl, hydroxyl, nitro, nitroso, 

strai^t or branched alkylamino, straight or branched alkylaminoalkylamino, straight or branched alkylthioalkyl 
amino, straight or branched alkyfluoalliylaxyl. alko?^^, aiyloxy, straight or branched alkyl, straight or branched 
alkylaiyl. straight or branched aUQrlheteroaiyl, aryl, heteroaiyl, cycloall^l, heterocycloalkyl and straight or 
branched alkylheterocycle 

25 Preferred compounds of the present invention include compounds of Formula 1-8 wherein Ri , R2 and R3 

are individually either absent or individuaUy selected from halogen; straight or branched allQrlainino, straight or 
branched alkylaminoalkylamino, alkoxy, aiyloxy, straight or branched alkyl, straight or branched alkylaiyl, 
optionally substituted aryl containing 1 or 2 fused aiyl or aiyl and cycloallqrl rings; and optionally substituted 
heteroaiyl or heterocyclic rings containing 1, 2 or 3 heteroatoms and 1 or 2 fused rings, the heteroatoms being 

30 selected from O, S and N, wherein the aiyl, heteroaiyl or heterocycle may be optionaUy connected to the 
compounds of formula 1-8 by a straight or branched all<yl, alkenyl, or alkynyl. R5 is optionally absent or H, 
straight or branched alkyl, carbonyl, optionally substituted aiyl containing 1 or 2 fused aiyl or aiyl and cycloalkyl 
rings; an optionally substituted heteroaiyl or heterocyclic rings containing 1, 2 or 3 heteroatoms and I or 2 fused 
rings, the heteroatoms being selected from O, S and N, wherein the aryl, heteroaryl or heterocycle may be 

35 optionally connected to die compounds of formula 1-8 by a straight or branched alkyl. Optional substituents as 
described herein include halogen, amino, carbonyl, hydroxyl, nitro, nitroso, straight or branched alkylamino. 
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straight or branched alkylaminoalkylamino, straight or branched alkylthioalkylamino, straight or branched 
alkylthioalkylaryl, alkoxy, aiyloxy, straight or branched alkyl, straight or branched allQrlaiyl, straight or branched 
alkylheteroaiyl, aryl, heteroaxyl, cycloalkyl, heterocycloalkyl and straight or branched alkylheterocycle 

Preferred compounds of the present invention include compounds of formula I-ll wherein R2 is halogen, 
5 amine, -CORs wherein Rs is an optionally substituted alkyl, aryl or heteroaiyl or an optionally substituted alkyl, 
alkenyl, alkynyl, alkoxy, carobxy, cycloall^l, heterocycloalkyl, aryl or heteroaiyl. Optional substitutents as 
described herein include halogen amino, caibonyl, hydroxyl, nitro, nitroso, straight or branched alkylamino, 
straight or branched ailsylaminoaU^lammo, strai^t or branched alkyithioalkylamino, straight or branched 
alkylthioalkylaiyl, alkoxy, aiyloxy, straight or branched allsyl, straight or branched alkylaiyl, straight or branched 
10 alkylheteroaiyl, aiyl, heteroaiyl, cycloalkyl, heterocycloalkyl and straigjit or branched alkylheterocycle. 

Preferred compounds of the present invention include compounds of formula 1-12 wherein R\ is a 
halogen, amine, or an optionally subsituted alkyl, alkenyl, alkynyl, alkoxy, caiboxy, cycloalkoxy, 
heterocycloalkyl, aryl or heteroaryl. Optional substitutents as described herein include halogen amino, caibonyl, 
hydrbxyl, nitro, nitroso, straight or branched alkylamino, strai^t or branched alkylaminoalkylainino, straight or 
15 branched alkyithioalkylamino, straight or branched alkylthioalkylaiyl, alkoxy, aryloxy, straigjit or branched alkyl, 
strai^t or branched alkylaiyl, straight or branched alkylheteroaiyl, aiyl, heteroaiyl, cycloalkyl, heterocycloalkyl 
and straight or branched alkylheterocycle. 

Preferably, the compounds of the invention exhibit an IC50 for inhibiting PARP in vitro, as measured by 
the methods described herein, of about 100 fiM, or less, preferably less than about 50 fiM, more preferably less 
20 than about 10 fiM, or less than 1 ^M, most preferably less than about 0. 1 pM. 

Specific embodiments of the present invention include the compounds shown below in the examples and 
Table m, and neutral and/or salt forms thereof as well as enantiomer and racemic mixtures thereof; where 
appropriate. 

Broadly, the compounds and compositions of the present invention can be used to treat or prevent cell 
25 damage or death due to necrosis or apoptosis, cerdjral ischemia and reperfusion injury or neurodegenerative 

diseases in an animal, such as a human. The compounds and compositions of the present invention can be used to 
extend the lifespan and proliferative capacity of cells and thus can be used to treat or prevent diseases associated 
therewith; they alter gene expression of senescent cells; and they radiosensitize hypoxic tumor cells. Preferably, 
the compounds and compositions of the invention can be used to treat or prevent tissue damage resulting from cell 
30 damage or death due to necrosis or apoptosis, and/or effect neuronal activity, either mediated or not mediated by 
NMD A toxicity. The compounds of tlie present invention are not limited to being useful in treatmg glutamate 
mediated neurotoxicity and/or NO-mediated biological pathways. Further, the compounds of the invention can be 
used to treat or prevent other tissue damage related to PARP activation, as described herein. 

The present invention provides compounds which inhibit the in vitro and/or in vivo polymerase activity 
35 of poly(ADP-ribose) polymerase (PARP). and compositions containing the disclosed compounds. 
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The present invention provides methods to inhibit, limit and/or control the in vitro and/or in vivo 
polymerase activity of poly(ADP-ribose) polymerase (P ARP) in any of solutions, cells, tissues, organs or organ 
systems. In one embodiment, the present invention provides methods of Umiting or inhibiting PARP activity in a 
mammal, such as a human, either locally or systemically. 
5 The present invention provides methods to treat and/or prevent diseases, syndromes and/or conditions 

exacerbated by or involving the increased generation of PARP. These methods involve application or 
administration of the compounds of the present invention to cells, tissues, organs or organ systems of a person in 
need of such treatment or preventioa 

In one embodiment, the present invention provides methods to treat and/or prevent cardiovascular tissue 

10 damage resulting from cardiac ischemia or reperfiision injury. Reperfosion injury, for in^ance, occurs at the 
termination of cardiac bypass procedures or during cardiac arrest when the heart, once prevented from receiving 
blood, begins to reperfuse and these methods involve administration of the compounds and compositions of the 
present invention preferably prior to, or immediately subsequent to reperfiision, such that reperfiision injmy is 
prevented, treated or reduced. The present invention also provides methods of preventing and/or treating vascular 

15 stroke, cardiovascular disorders 

In another embodiment, the present invention provides in vitro or in vivo methods to extend or increase 
the lifespan and/or proliferation capacity of cells and thus also methods to treat and/or prevent diseases associated 
therewith and induced or exacerbated by cellular senescence including skin aging, atherosclerosis, osteoarthritis, 
osteoporosis, muscular dystrophy, degenerative diseases of skeletal muscle involving replicative senescence, age- 

20 related muscular degeneration, immune senescence, AIDS and other immune senescence diseases, and other 
diseases associated with cellular senescence and aging, as well as to alter the gene expression of senescent cells. 

In a fiirther embodiment the present mvention provides methods of treating or preventing or 
ameliorating the effect of cancer and/or to radiosensitize hypoxic tumor cells to render the tmnor cells more 
susceptible to radiation therapy and thereby to prevent the tumor cells from recovering from potentially lethal 

25 damage of DNA after radiation therapy. A method of this embodiment is directed to specifically and 

preferentially radiosensitizing tumor cells rendering the tumor cells more susceptible to radiation therapy than 
non-tumor ceils. 

In yet another embodiment the present invention provides methods of preventing and/or treating 
vascular stroke, cardiovascular disorders; to treat other conditions and/or disorders such as age-related muscular 

30 degeneration, AIDS and other immune senescence diseases, inflammation, artiiritis, gout, atherosclerosis, 
cachexia, cancer, degenerative diseases of skeletal muscle involving replicative senescence, diabetes, head 
trauma, spinal chord injury, immune senescence, gout, inflammation, inflammatory bowel disorders (such as 
colitis and Crohn's disease), acute pancreatitis, mucositis, hemorrhagic shock, splanchnic artery occlusion shock, 
multiple organ &ilure (such as involving any of the kidney, Irver, renal, pulmonary, retinal, panaeatic and/or 

35 skeletal muscles systems), acute autoimmune thyroiditis, muscular dystrophy, osteoarthritis, osteoporosis, chronic 
and/or acute pain (such as neuropathic pain), renal &ilure, retinal ischemia, septic shock (such as endotoxic 
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shock), local and/or remote endothelial cell dysfunction (such are recognized by endo-dependent relaxant 
responses and up-regulation of adhesion molecules), inflammation and skin aging. 

The compounds of the present invention may be administered, for example, parenterally, to a person 
diagnosed vvith acute retinal ischemia or acute vascular stroke, either by uitermittent or continuous intravenous 
5 administration, by either a single dose or a series of divided doses. Compounds of the invention may be used in 
combination or sequentially. The compound of the invention can be administered by intermittent or continuous 
administration via implantation of a biocompatible, biodegradable polymeric matrix delivery system containing a 
compound of formula 1. 1-1, 1-2, 1-3a, Mb. Mc, I-3d, I-3e, 1-4, n-5, n-6, n-9, H-iO, I-7a, I-7b, 1-8, HI or I-I2 or 
via a subdural pump mserted to administer Oie compound directly to the inSaict area of the brain. 
10 In a further embodiment, the present invention provides methods to extend the lifespan and proliferative 

capacity of cells, such as, for example, in using the compounds of the invention as general mediators in the 
generation of oxidants, proinflammatory mediators and/or cytokines, and/or general mediators of leukocyte 
infiltration, calcium ion overload, phospholipid peroxidation, impaired nitric oxide metabolism and/or reduced 
ATP production 

IS For example, the compounds of the invention can treat or prevent cardiovascular tissue damage resulting 

from cardiac ischemia or reperfiision injury. Repeifiision injury, for instance, occurs at the termination of cardiac 
bypass procedures or during cardiac arrest when the heart, once prevented from receiving blood, begins to 
reperfuse. 

Tlie compounds of the present invention can also be used to extend or increase the lifespan or 

20 proliferatim of cells and thus to treat or prevent diseases associated therewith and induced or exacerbated by 
cellular senescence including skin aging, atherosclerosis, osteoarthritis, osteoporosis, muscular dystrophy, 
degenerative diseases of skeletal muscle involving replicative senescence, age-related muscular degeneration, 
immune senescence, AIDS and other immune senescence diseases, and other diseases associated with cellular 
senescence and aging, as weU as to alter the gene expression of senescent cells. These compoimds can also be 

25 used to treat cancer and to radiosensitize hypoxic tumor cells to render the tumor cells more susceptible to 
radiation therapy and to prevent the tumor cells from recovering from potentially lethal damage of DNA after 
radiation therapy, presumably by their ability to prevent DNA repair. The compounds of the present invention 
can be used to prevent or treat vascular stroke; to treat or prevent cardiovascular disorders; to treat other 
conditions and/or disorders such as age-related muscular degeneration, AIDS and other immune senescence 

30 diseases, taiflammation, arthritis, gout, atherosclerosis, cachexia, cancer, degenerative diseases of skeletal muscle 
involving replicative senescence, diabetes, head trauma, immune senescence, gout, inflammatoiy bowel disorders 
(such as colitis and Crohn's disease), muscular dystrophy, osteoarthritis, osteoporosis, chronic and/or acute pain 
(such as neuropathic pain), renal failure, retinal ischemia, septic shock (such as endotoxic shock), and skin aging. 
Preferably, the compounds of the invention act as PAR? inhibitors to treat or prevent tissue damage 

35 resulting from cell deatii or damage due to necrosis or apoptosis; to treat or prevent neural tissue damage resulting 
from cerebral ischemia and reperfiision injuiy or neurodegenerative diseases in an animal; to extend and increase 



-21- 



wo 02/44183 



PCT/USOl/44815 



the lifespan and proliferative capacity of cells; to alter gene expression of senescent cells; and to radiosensitize 
tumor cells. 

Another especially preferred embodiment of the invention is a pharmaceutical composition which 
comprises (i) a therapeutically effective amount of the compound of formula I, I-l, 1-2, 1-3a, I-3b, I-3c, I-3d, I-3e, 
5 1-4, II-5, n-6, n-9, n-10, 1-7a, I-7b, 1-8; I-l 1 or 1-12 and (ii) a pharmaceutically acceptable carrier. 

As used herein, "alkyl" means, unless stated otherwise, a branched or unbranched saturated hydrocarbon 
chain comprising a designated number of carbon atoms. For example, Ci-Q straight or branched alkyl 
hydrocaibon chain contains 1 to 6 caibon atoms, and includes but is not limited to siibstituents such as methyl, 
etiiyl, propyl, iso-propyl, butyl, iso-butyl, tert-butyl, n-pentyl, n-hexyl, and the like, unless otherwise indicated. 
10 Optional substitutions of alkyl chains indude mercapto, caiboxy, hydroxy, or phenyl, ben2yl, or 

phenyletihyl, which may themselves be substituted by hydroxy^ halo, methoxy, Q-Ca alkyl, amine and carboxy. 

" Alkenyl" means, unless stated otherwise, a branched or unbranched unsaturated hydrocarbon chain 
comprising a designated number of carbon atoms. For example, Cz-C^ straight or branched alkenyl hydrocarbon 
chain contains 2 to 6 carbon atoms having at least one double bond, and includes but is not limited to substituents 
15 such as ethenyl, propenyl, isopropenyl, butenyl, iso-butenyl, tert-butenyl. n-pentenyl, n-hexenyl, and the like, 
unless otherwise indicated. 

" Alkoxy", means the group -OR wherein R is alkyl as herein defined Preferably, R is a branched or 
unbranched saturated hydrocaibon chain contaming 1 to 6 caibon atoms. 

"Cyclo", used herein as a prefix, refers to a structure characterized by a closed ring. 
20 "Halo" means at least one fluoro, chloro, bromo, or iodo moiety, unless otherwise indicated. 

" Aimno'* compounds mclude amine (NH2) as well as substituted amino groups comprising alkyls of one 
through six carbons. Alkylamino compounds include secondaiy and tertiaiy ammes substituted with alkyl groups 
of, for example, CrCsalkyl. Alkylaminoalkyl and alkylaminoalkylamino are secondaiy and tertiaiy amino groups 
and alkyl chains with multiple amino groups within the alkyl chain 
25 "aryl" or "heteroaryl" means a moiety which is substituted or unsubstituted, especially a cyclic or fused 

cyclic ring and includes a mono-, bi-, or tricyclic, carbo- or heterocyclic ring(s), such as a 3, 4, 5, 6. 7 or 8 
membered ring, wherein the ring is either unsubstituted or substituted in, for example, one to five position(s) with 
halo, lialoalkyl, hydroxyl, nitro, trifluoromethyl, Ci-Ca straight or branched diain alkyl, C2-C6 straight or branched 
chain alkenyl, C1-C6 alkoxy, -C(0)-0(CrC6 alkyl), carboxy, C2-C« alkenyloxy, phenoxy, benzyloxy, amino, 
30 thiocarbonyl, ester, thioester, cyano. imino, alkylamino, aminoalkyl, sulfhydiyl, thioalkyl, and sulfonyl; wherein 
the individual ring sizes are preferably 5-8 members; wherem die heterocyclic ring contains 1-4 heteroatom(s) 
selected from the group consisting of O, N, or S or their nuxture; wherem aromatic or tertiaiy alkyl amines are 
optionally oxidized to a corresponding N-oxide. Heteroaiyls may be attached to ottier rings or substituted through 
the heteroatom and/or carbon atom of the ring and aiyls and heteroaryls may be multiply linked 2 and/or 3 
35 togetiier through, for example, alkyl or alkenyl (straight or branched, such as Ci to Ce) chains, as opposed to, or in 
addition to being fiised. Similarly, aryls and heteroaiyls inay be attached to the core compound through, for 
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example, alkyl or alkenyl (straight or branched, such as C, to Cg) chains. Particularly preferred aiyl or heteroaiyl 
moieties include but are not limited to phenyl, benzyl, naphthyi, piperidino, pyrrolyl, pyrrolidinyl, pyridinyl, 
pyrimidinyl, purinyl, quinolinyl, isoquinolinyl, fuiyl, thiophenyl, imidazolyl, oxazolyl, thiazolyl, pyrazolyl, and 
thienyl. 

"Phenyl" includes all possible isomeric pheiQ^l radicals, optionally monosubstituted or multi-substituted 
with substituents selected ftom the group consisting of amino, carboxy, trifluoromethyl, Ci-Q straight or 
brandied chain alkyl, d-Q straig^ht or branched chain alkenyl, carbonyl, thiocaiboi^I, ester, thioester, alkoxy, 
alkenoxy, cyano, nitro, imino, allgrlamino, aminoallQrl, sulfliydryl thioalkyl, sulfoiryl hydroxy, halo, haloall^^l, 
NRj wherein R2 is selected from the group consisting of hydrogen, (Ci-C6)-stiaight or branched chain dOsyl (C3- 
Cfi) straight or branched chain alkenyl or alkynyl and 2, 3 or 4 fused phenyl rings. 

Cycloalkyl optionally containing at least one heteroatom, to form a heterocyclic ring, includes saturated 
Ca-Cs rings, preferably C5 or Ce rings, wherein at 1, 2, 3 or 4 heteroatoms selected from O, N or S may be 
optionaUy substituted for a carbon atom of the ring. Cycloalkyls optionally containing at least one heteroatom, as 
described above, may be substituted by or fused to at least one 5 or 6 membered aryl or heteroaiyl and/or 
substituted by at least one of amino, C1-C5 straight or branched chain alkyl, Ci-Ce alkanol, d-Q straight or 
branched chain alkylamino, d-Ce alkoxy, or C^^e alkenyl, or benzyl, or phenyl or phenyletiiyl wherein the ring 
may be substituted as described above for substitutions of Thenyl". Heterocycloalkyls may be attached to otiier 
rings or substituted through flie heteroatom and/or cari>on atom of die ring and cycloalkyls and heterocycloalkyls 
may be multiply linked 2 and/or 3 together through, for example, alkyl or alkeiryl (straight or branched, such as d 
to Q) chains, as opposed to, or in addition to being fused. Similarly, cycloalkyls and heterocycloalkyls maybe 
attached to the core compound flirough, for example, alkyl or alkenyl (straight or branched, such as d to d) 
chains. 



Preferred cycloalkyls containing at least one or two heteroatom include 




^/-^^^■'■"■•"■--^ , pyrrolidinyl, imidazolidinyl, pyrazolidinyl, piperidinyl, piperazinyl, morpholino 
and thiomorpholino. 

The compounds of flie present invention may possess one or more asymmetric centfir(s) and thus can be 
produced as mixtures (racemic and non-racemic) of stereoisomers, or as individual enantiomers or diastereomers. 
The individual stereoisomers may be obtained by using an optically active starting material, by resolving a 
racemic or non-racemic mixture of an intermediate at some appropriate stage of die synthesis, or by resolution of 
the compound of any of formulas formula I. M, 1-2, 1-3a, I-3b, I-3c, I-3d, 1-4, n-5, n^6, n-9, H-IO, I-7a. I-7b. 1-8, 
I-l 1 or 1-12. It is understood that the individual stereoisomers as weU as mixtures (racemic and non-racemic) of 
stereoisomers are encompassed by the scope of the present invention. 
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The compounds of (he invention are useful in a free base form, in the fonn of pharmaceutically 
acceptable salts, phannaceutically acceptable hydrates, pharmaceutically acceptable esters, pharmaceutically 
acceptable solvates, pharmaceutically acceptable prodrugs, pharmaceutically acceptable metabolites, and in the 
form of pharmaceutically acceptable stereoisomers. These forms are all within the scope of the invention. In 
5 practice, the use of these forms amounts to use of the neutral compound. 

"Pharmaceutically acceptable salt", "hydrate*', "ester" or "solvate" refers to a salt, hydrate, ester, or 
solvate of the inventive compounds which possesses the desired pharmacological activity and which is neither 
biologically nor otherwise undesirable. Organic acids can be used to produce salts, hydrates, esters, or solvates 
such as acetate, adipate, alginate, aspartate, benzoate, benzenesulfonate, p-toluenesulfonate, bisul&te, sul&mate, 

10 sulfate, naphthylate, butyrate, citrate, camphorate, camphorsulfonate, cyclopentane-propionate, digluconate, 

dodecylsulfate, ethanesulfonate, fumarate, glucoheptanoate, glycerophosphate, hemisulfate heptanoate, hexanoate, 
2-hydroxyethanesulfonate, lactate, maleate, methanesulfonate, 2-naphthalenesulfonate, nicotinate, oxalate, 
tosylate and undecanoate. Inorganic acids can be used to produce salts, hydrates, esters, or solvates such as 
hydrochloride, hydrobromide, hydroiodide, and thiocyanate. 

15 Examples of suitable base salts, hydrates, esters, or solvates include hydroxides, carbonates, and 

bicaibonates of ammonia, alkali metal salts such as sodium, lithium and potassium salts, alkaline earth metal salts 
such as calcium and magnesium salts, aluminum salts, and zinc salts. 

Salts, hydrates, estars, or solvates may also be formed with organic bases. Organic bases suitable for the 
formation of pharmaceutically acceptable base addition salts, hydrates, esters, or solvates of the compounds of the 

20 present invention include those that are non-toxic and strong enough to form such salts, hydrates, esters, or 

solvates. For purposes of illustration, the class of such organic bases may include mono-, di-, and trialkylamines, 
such as methylamine, dimethylamine, triethylaraine and dicyclohexylamine; mono-, di- or trihydroxyalkylamines, 
such as mono-, di-, and triethanolamine; amino acids, such as arginine and lysine; guanidine; N-methyl- 
glucosamine; N-methyl-glucamine; L-glutamine; N-methyl-piperazine; morphoiine; ethylenediamine; N-benzyl- 

25 phenethylamine; (trihydroxy-methyl)aininoethane; and the hke. See, for example, "Pharmaceutical Salts," J. 
Pharm. Sci., 66: 1, 1-19 (1977). Accordingly, basic nitrogen-containing groups can be quatemized with agents 
including: lower aDcyl halides such as methyl, ethyl, propyl, and butyl chlorides, bromides and iodides; diaikyl 
sul&tes such as dimethyl, diethyl, dibutyl and diamyl sul&tes; long cham halides such as decyl, lauiyl, myristyl 
and steaiyl chlorides, bromides and iodides; and aralkyl halides such as benzyl and phenethyl bromides. 

30 The acid addition salts, hydrates, esters, or solvates of the basic compounds may be prepared either by 

dissolving the free base of a PARP inhibitor of the present invention in an aqueous or an aqueous alcohol solution 
or other suitable solvent containing the appropriate acid or base, and isolating the salt by evaporating the solution. 
Alternatively, the free base of the PARP inhibitor of the present invention can be reacted with an acid, as well as 
reacting tlie PARP inhibitor having an acid group thereon with a base, such that the reactions are in an organic 

35 solvent, in which case the salt separates directly or can be obtained by concentrating the solution. 
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"Phannaceutically acceptable prodrug" refers to a derivative of the inventive compounds which 
undergoes biotransformation prior to exhibiting its phannacological efFect(s). The prodrug is formulated with the 
objective(s) of improved chemical stability, improved patient acceptance and compliance, unproved 
bioavailability, prolonged duration of action, improved organ selectivity, improved formulation (e.g., increased 
5 hydrosolubility), and/or decieased side effects (e.g., toxicity). The prodrug can be readily prepared from the 
inventive compounds using methods known in the art, such as those described by Burger's Medicinal Chemistiy 
and Drug Chemistry, Fifth Ed, VoL 1, pp. 172-178, 949-982 (1995). For example, the mventive compounds can 
be transformed into prodrugs by convertmg one or more of the hydroxy or caiboxy groups into esters. 
Tharmaceutically acceptable met^lite" refers to drugs that have undergone a metabolic 

10 transformation. After entry into the body, most dmgs are substrates for chemical reactions that may change their 
physical properties and biologic effects. These metabolic conversions, which usually affect the polarity of the 
compound, alter the way in which drugs are distributed in and excreted from the body. However, in some cases, 
metabolism of a drug is required for therapeutic effect. For example, anticancer drugs of the antimetabolite class 
must be converted to their active forms after they have been transported into a cancer cell Since most drugs 

15 undergo metabolic transformation of some kind, the biochemical reactions that play a role in dmg metabolism 
may be numerous and diverse. The main site of drug metabolism is the liver, although other tissues may also 
participate. 

The term "neurodegenerative diseases" includes Alzheimer's disease, Parkinson's disease and 
Huntington's disease. 

20 The term "nervous insult'* refers to any damage to nervous tissue and any disability or death resulting 

therefiom. The cause of nervous insult xaay be metabolic, toxic, neurotoxic, iatrogenic, thermal or chemical, and 
includes without Umitation, ischemia, hypoxia, cerebrovascular accident, trauma, surgery, pressure, mass effect, 
heramorrhage, radiation, vasospasm, neurodegenerative disease, infection, Parkinson's disease, amyotrophic 
lateral sclerosis (ALS), myelination/demyelination process, epilepsy, cognitive disorder, glutamate abnormality 
25 and secondary effects thereof 

The term "neuroprotective" refers to the effect of reducing, arresting or amisUorating nervous insult, and 
protecting, resuscitating, or reviving nervous tissue that has suffered nervous insult 

The term "preventing neurodegeneration" includes the abili^ to prevent neurodegeneration in patients 
diagnosed as having a neurodegenerative disease or who are at risk of developing a neurodegenerative disease. 
30 The term also encompasses preventing fiirther neurodegeneration in patients who are already suffering from or 
have symptoms of a neurodegenerative disease. 
The term "treatmg" refers to: 

(i) preventing a disease, disorder or condition from occurring in an animal that may be predisposed 
to the disease, disorder and/or condition, but has not yet been diagnosed as having it; 
35 (ii) inhibiting the disease, disorder or condition, le., arresting its development; and 
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(iii) relieving the disease, disorder or condition, i.e., causing regression of the disease, disorder 
and/or condition. 

Tlie term '*neural tissue damage resulting from ischemia and reperfusion injury and neurodegenerative 
diseases^' includes neurotoxicity, such as seen in vascular stroke and global and focal ischemia. 

A feature characteristic of many of these transformations is that the metabolic products are more polar 
than the parent drugs, although a polar drug does sometimes yield a less polar product Substances with high 
lipidAvater partition coefBcients, which pass easily across membranes, also difiiise back readily from tubular 
urine Orough the renal tubular cells into the plasma. Thus, such substances tend to have a low renal clearance and 
a long persistence in the body. If a drug is metabolized to a more polar compound, one with a lower partition 
coefficient, its tubular reabsorption will be greatly reduced. Moreover, the specific secretory mechanisms for 
anions and cations in the proximal renal tubules and in the parenchymal liver cells operate upon highly polar 
substances. 

As a specific example, phenacetin (acetophenetidin) and acetanilide are both mild analgesic and 
antipyretic agents, but are each transformed within the body to a more polar and more effective metabolite, p- 
hydroxyacetanilid (acetaminophen), which is widely used today. When a dose of acetanilid is given to a person, 
the successive metabolites peak and decay in the plasma sequentially. During the first hour, acetanilid is the 
principal plasma component In die second hour, as die acetanilid level falls, the metabolite acetaminophen 
concentration reaches a peak. Finally, after a few hours, the principal plasma component is a further metabolite 
that is inert and can be excreted from the body. Thus, the plasma concentrations of one or more metabolites, as 
well as the drug itself, can be pharmacologically important 

The reactions involved in drug metabolism are often classified into two groups, as shown in the Table H. 
Phase I (or fimctionalization) reactions generally consist of (1) oxidative and reductive reactions that alter and 
create new functional groups and (2) hydroiytic reactions that cleave esters and amides to release masked 
fimctional groups. These changes are usually in the direction of increased polarity. 

Phase n reactions are conjugation reactions in which the drug, or often a metabolite of the drug, is 
coupled to an endogenous substrate, such as glucuronic acid, acetic acid, or sulfiuic acid. 

TABLE n 

Phase I Reactions (fimctionalization reactions^ 

(1) Oxidation via the hepatic microsomal P450 system: 

Aliphatic oxidation 

Aromatic hydroxylation 

N-Dealkylation 

0-DealkyIation 

S-Dealkylation 

Epoxidation 

Oxidative deamination 
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jjoc. No, :)7yu8u 

Sulfoxide formation 
Desuliuralion 

N-Oxidation and N-hydroxylation 
Dehalogenation 
5 (2) Oxidation via nonmicrosomal mechanisms: 

Alcohol and aldehyde oxidation 
Purine oxidation 

Oxidative deamination (monoamine oxidase 

and diamine oxidase) 
10 (3) Reduction: 

Azo and nitro reduction 

(4) Hydrolysis: 

Ester and amide hydrolysis 

Peptide bond hydrolysis 
15 Epoxide hydration 

Phase n Reactions fconiugation reactionsV. 

(1) Glucuronidation 

(2) Acetylation 

20 (3) Mercapturic acid formation 

(4) Sulfate conjugation 

(5) N-, 0-, and S-methylation 

(6) Trans-sulfuration 

25 The con^)ounds of the present invention exhibit phannacological activity and are, therefore, usefiil as 

pharmaceuticals. In particular, the compounds exhibit central nervous and cardiac vesicular system activity. 
It is understood that tautomeric forms, when possible, are included in the invention. 
Many of the PARP inhibitors of the present invention can be synthesized by known methods from 
starting materials that are known. 
30 Typically, the PARP inhibitors used in the composition of the invention wiU have an ICso for inhibiting 

poly(ADP-ribose) polymerase in vitro of about 20 ^lM or less, preferably less than about 10 |iH more preferably 
less than about 1 \iM, or preferably less than about 0.1 \iM^ most preferably less than about 0.01 p.M. 

The PARP inhibitor 3,4-dihydro-5-[4-(l-piperidinyl)butoxyl-l(2if)-isoquinolinone, for example, lias 
been reported to inhibit PARP with an ICso of 40 nM by Suto et al., cited above. 
35 Compounds of the present invention may be prepared as follows. 

Example 1 
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Compounds of the following general formula I-l may be prepared, for example, by the following 

methods. 



O 




Scheme !■! 

Scheme 1 below illustrates schematically the preparation of Example compounds 1 throu^ 6. 

Scheme 1 




Step 1 

Methyl indole-4-caboxyIate 1 (7.2 g, 41.09 mmol, commercially available) was dissolved in dry CH2C12 
(220 mL). To this stirred solution was added ZnCl2 (11.53 g, 84.64 mmol). The mixture was cooled down to 0 
and added slowly CHsMgBr (5.39 g, 45.19 mmol). It was stirred at 0 C for 15 min. and at room rt for Ih. To 
tliis mixture was added diloro acetyl chloride and stiired for 2 h. AICI3 was then added and the mixture was run 
for an additional 18 L The reaction mixture vras cooled to 0 and washed with cold water (60 raL) and 
extracted with some additional CH2CI2 (2 x 60 mL). The organic layer was washed with brine, dried over MgS04, 



-28- 



wo 02/44183 



PCT/USOl/44815 



and concentrated to dryness. The crude solid residues were triturated in ether to give a nice off-white solid 2 (5.1 
g) which was used in the next step with no further purification. NMR (300 Hz, ds-DMSO) 12.3 (s, IH), 8.5 (m, 
IH), 7.66 (m, IH), 7.32 (m, 2H), 4.89 (s, 2H), 3.78 (s, 3H). 
Step 2 

5 To the suspension of the ot-chloro ketone 2 (10 mmol) in ethanol (50 raL) was added K2CO3 (10 mmol) 

and a secondary amine (30 mmol). The niixliire was heated to 40 -70 X with stirring for 1.5 h. The solution 
was cooled to rt and the solvent was removed in vacuo. The mixture extracted with water and EtOAc. The 
organic layer was collected, washed with brine* dried over MgS04, and concentrated to dryness. The crude was 
purified by crystallization to give a desired product without further purification. For example, a morpholine 

10 derivative 3 was prepared in the following: To the suspension of the a-chloro ketone (2.50 g, 9.93 mmol) in 
ethanol (50 mL) was added K2CO3 (1.51 g, 10.92 mmol) and morpholine (2.59 g, 29.79 mmol). The mixture was 
heated with stirring to 70 °C for 1.5 L The solution was cooled to rt and concentrated by vacuum evaporator. 
The mixture was washed widi water (30 mL) and extracted witii EtOAc (3 x 50 mL). The organic layer was 
washed with brine, dried over MgS04, and concentrated to dryness. The crude product was triturated in etiier to 

15 give a nice white solid (1.72 g). This material was used in the next step wifliout assy further purification. MS ES+ 
= 303, ES- = 301. NMR (300 Hz, d^-DMSO) 12.1 (bs, IH), 8.48 (s, IH), 7.63 (m, IH), 7.28 (m, 2H), 3.75 (s, 
3H)» 3.58 (m, 6H), 3.38 (m, 4H). 
Step 3 

The final product 4 can.be easily prepared by condensing of the compound 3 with hydrazine. For 
20 example, to the solution containing ettianol (8 mL) and hydrazme (8 mL) was added flie keto morpholine 3. The 
solution was heated to 110 °C for 1 h. The solution was stripped dovm by vacuum evaporator. The oil was 
washed witii water (25 mL) and extracted with EtOAc (3 x 30 mL). The organic layer was washed wifli brine, 
dried over MgS04, and concentrated to dryness. The cmde product was purified by sUica gel column 
chromatography by use of tiie elutents 5-10 % MeOH / CH2CI2. The product was further cleaned by trituration 
25 in eflier to give a pure yeUow solid 4 (0.41 g). *H NMR (300 Hz, dg-DMSO) 1 1.84 (s, IH), 10.22 (s, IH), 7.87 (s, 
IH), 7.54 (m, 2H), 7.19 (t, IH, J = 7.7 Hz), 3.57 (m, 4H), 3.34 (m, 2H), 2.44 (bs, 4H). 



Example 1-1 



30 




The compound was prepared as described in Scheme 1, ^H NMR (400 Hz. de-DMSO) 1 1.84 (s, IH), 
10.22 (s, IH). 7.87 (s, IH), 7.54 (m, 2H). 7.19 (t, IH, J= 7.7 Hz), 3.57 (m, 4H), 3.34 (m, 2H), 2.44 (bs, 4H). Anal. 
(C,5H|6N4 02),CHN. 
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The HCl salt fonn: The cyclic morpholine (0.35 g, 1.23 mmol) was dissolved in THF (10 mL). To the 
solution was added slowly 4 M HCl in dioxane (1.41 mmol, 0.35 mL). The amine salt was crashed out of the 
solution which was collected by vacuum filtration. The solid material was quickly transfened to a storage vial 

due to its hygroscopic in nature. The product is a nice yellow solid (0. 16 g). Mp. = 238 - 240 °C. NMR (400 
Hz, d6-DMS0) 12.33 (s, IH), 10.53 (s, IH), 10.30 (s, IH), 7.98 (d, IH, J = 2.9 Hz), 7.60 (m, 2H), 7.25 (t, IH, J = 
7.8 Hz), 4.29 (s, 2H), 3.95 (s, IH), 3.80 (bs, 2H), 3.56 (bs, 2H), 3.25 (bs, 2H). Anal. (C,5 H,6 N4 O2 1 HCl), C H 
R 



Example 2-1 




The compound was prepared as described in Scheme 1. Mp. = 232 - 236 ^C. 'H NMR (400 Hz, de- 
DMSO) 11.88(s, IH); 10.27(s, IH); 7.91(s, IH); 7.60-7.58(m, 2H); 7.23(t, IH, J = 7.84Hz); 3.36(s, 2H); 2.56(s, 
4H); 2.38(5, 4H); 2.20(s, 3H); AnaL (C,6 H,9 N5 O ). C H N. 

Example 3-1 




The compound was prepared as described in Scheme 1. Mp. = 168 - 170 ^C. ^H NMR (400 Hz, der 
DMSO) 11.85(s, IH); 10.24(s, IH); 8.10(d, IH, J-4.7Hz); 7.92(s, IH); 7.55-7.49(m, 3H); 7.18(t, IH, J = 7,8Hz); 
6.81(d, la J 8.6H2); 6.62(t, IH, J = 7.0Hz); 3.37(s. 2H); 3.47(s, 4H); 2.56(s, 4H); Anal. (C20 H20 O ' 0.5 
HaOXCHN. 

Example 4-1 




The compound was prepared as described in Scheme 1, Mp. = 78 - 81 ^C. *H NMR (400 Hz, de-DMSO) 
10.93(s, IH); 10.19(s, IH); 8.00(s, IH); 7.53(d, 2H); 7.17(t, IH, J = 7.8Hz); 3.34(s, 4H); 2.39(s, 2H); 2.18(s, 3H); 
2. 14(s, 6H); Anal. (C,6 H21 N5 O' 0.3 H.O), C H N. 

Example 5-1 
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The compound was prepared as described in Scheme 1. Mp. = 174 - 177 ^C. 'H NMR (400 Hz, d^- 
DMSO) 11.78(s, IH); 10.20(s, IH); 7.85(s, IH); 7.54(d, 2H); 7.16(t. J = 7.8Hz); 3J8(s. 21©; 2.52(m. 4H); 
1.00(t, 6H. J = 7.0Hz); Anal. (C,s H,8 N4 Q 0.5 H2O). C H N. 
5 Example 6-1 




The compound was prepared as described in Scheme 1. Mp. = 171 - 173 °C. 'H NMR (400 Hz, de- 
DMSO) 11.81(3, IH); 10.19(s,lH); 7.87(s, IH); 7.52(d, 2H); 7.17(t IH, J = 7.8Hz); 3.27(s. 2H); 2.89(d, 2H); 
10 2.43(8, 4H); 2.00-21.89(m, 3H); 1.79(d, 2H); 1.63(s, 4H); 1.33(m, 2H); Anal. (Cm Hzs N5 O 0.6 H2O), C H N. 

Example 2 

Compounds of the following genoal formula I>2 may be synthesized, for exanq)Ie, as described above. 



O 



15 
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The compound was prepared as described in Step 4 of Scheme 1. A solution of the a-chloro ketone 2 (10 
mmol) in concentrate ammonium hydroxide (5 mL) and 1,4 dioxane (15mL) was heated at 70 °C for 3 hours with 
stirring. A white precipitate appeared and was collected by filtration to give a desired product 5 without further 
purification (40% yield). Mp. = 300 - 305 ^C, >JMR (400 Hz, d^-DMSO) 12.2 (s, IH), 8.24 (s, IH), 8.07 (bt, 
IH), 7.92 (d, IH. J = 7.5 Hz), 7,76 (d, IH, J - 8.1 Hz), 7.38 (t, IH, J = 7.8 Hz), 3.93 (d, 2H).; Anal. (C,, Hg 
02).CHN. 



Similar to the procedure described in example 7, a solution of N-methyl a-cliloro ketone (10 nunol) in 
concentrate ammonium hydroxide (5 mL) and 1,4 dioxane (15mL) was heated at 70 °C for 3 hours with stirring. 
The solution was cooled to rt and concentrated to 10 mL by vacuum evaporator. The mixture was partitioned 
between water (10 mL) and extracted with EtOAc (50 mL). The organic layer was collected and washed with 
brine, dried over MgS04, and concentrated to dryness. The crude product was purified by silica gel 
chromatography to give a white soUd (60% yield). Mp. - 215 - 217 ^C. 'H NMR (400 Hz, d6-DMS0) 8.27 (s, 
IH), 8.07 (bt, IH), 7.96 (d, IH, J = 7.5 Hz), 7.85 (m, IH), 7.46 (t, IH, J = 7.9 Hz), 3.93 (m, 5H).; Anal. (C,2 H,o 
N2O2 0.3C4H8O2),CHN. 



Compounds of the following general formula 1-3 may be synthesized, for example, as described below. 



Example 2-2 




Escample 3 




I.3a 




I-3b 



Scheme 1-3 
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S,6-Dihydro-lH-azepmoI5^A-c<iliB<iole-6-one (2) The suspension of l"' (430 mg, 2.42 mmol) in 
xylene (10 mL) was heated up to 90 'C and then Pd/C was added. The resulting mixture was refluxed for 3 hrs 
and then cooled to r.t (room temperature). After the filtration, the filtrate was concentrated in vacuo to afford a 
orange solid. Purification of the solid via column chromatography (1% to 3% MeOH in CH2Cl2).a£Forded the 
product 2 as an orange soUd (40 mg, 9%). Mp >154 "C dec; 'H NMR (CD3OD) d 7.69 (d, J= 7.5 Hz. 1 H), 
7.48 (d, 7= 8.0 Hz. 1 H), 7.16 (t. J= 8.0 Hz, 1 H), 7.09 (s. IH), 5.77 (d, 9.5 Hz, 1 H), 5.53 (d. /= 9.5 Hz, I 
H); Anal. Calcd for CHgNiO, .0.4 MeOH: C, 69.50; H. 4.91; N, 14.22. Found: C. 69.53; H. 4.58; N, 14.03. 
See. J. Med. Chem. 1990, 33. 633-641. 



Scheme 2-3 




5 



5^Dlhydro-l-teterbuto:^carbaniate-azepino[5^A-cd]iodoIe-6-one (3) To a suspension of 1 (340 
mg. 1.83 mmol) in CH3CN (20 mL) was added (BOOzO and DMAP under N2 at r.t The mixture was stirred 
continuous^ overnight Solvent was removed. The residue was dissolved in EtO Ac. The solution was washed 
with IN HCl (2x15 mL) and brine, dried in MgSO-, and filtered. The organic layer was concenfrated in vacuo to 
afford a yellow solid. The purification of the solid via column chromatography (1% to 3% MeOH in CH2CI2) 
gave 3 as a white solid (440 mg, 84%). Mp 167-168 "C; 'H NMR (CDCI3) d 8.33 (d, J = 7.5 Hz, 1 H), 8.08 (d, J 
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- 8.0 Hz. I H), 8.02 (t 7 = 5.5, 6.0 Hz, 1 H), 7.44 (s, 1 H), 7.42 (t, / = 8.0 Hz, 1 H), 3.58 (q, 7= 6.0. 10, 5.5, 9.5 
Hz, 2 H), 3.01 (t,7= 4.5. 4.0 Hz, 2 H), 1.66 (s, 9 1^. 

3-Bromo-5,6-dihydro*l-teterbutoxycari)amate-azepino[5,4,3rcd]indole^ (4) To a solution of 3 
(400 mg, 1.40 nunol) in CCU (20 mL) was added NBS (26 Img, 1.47 nimol) and AIBN (20 mg) under N2 at r.t 
The resulting mixture was rrfluxed for 3 hrs. After cooled to r.t, the succinamide was filtered ojBF, washed with 
ecu. The filtrate was concentrated in vacuo. The resulting residue was purified via column chromatography 
(20% to 50% EtOAc in hexanes) to afiford 4 as a pale yellow solid(130 mg. 26%), ^H NMR (CDCb) d 8.24 (d, J 
= 8.5 Hz. 1 H), 7.99 (d, 7 = 8.0 Hz. 1 H). 7.45 (s. 1 H). 7.3 1 (t, 7= 8.0 Hz, 1 H). 6. 1 1 (d. J = 7.5 Hz, 1 H), 1.61 (s. 
9H). 

3-Bromo-5,6-dihydro-lH-azepino[5,4^,-cd]indoIe-6-one (5) To a solution of 4 (130 rag, 0.358 mmol) 
in CH2CI2 (2 mL) was added TFA (2 mL) dropwlse under N2 at r.t The resulting mixture was stirred 
continuously for 3 hrs. Solvent was removed. The residue was purified via column chromatography (0.5% to 2% 
MeOH in CH2CI2) to afford an orange solid (10 mg, 10%). Mp 160^162 T dec. 1 H NMR (CD3OD, 400 MHz) 
7.57 (d, J= 8.0 Hz, IH). 7.35 (d, J= 8.0 Hz, IH), 7.06 (s, IH), 7.05 (t. J= 8.0 Hz, IH). 5.80 (s, IH); Anal: Calod 
for CuH7BrN2O (0.12EtOAc): C, 50.38; H. 2.93; N, 10.24. Found: C, 50; H, 3.01; N, 9.85 



Compounds of the following general formula 1-4 may be synthesized, for example, as described below. 



Example 4 



O 




Scheme 1-4. General Svnthesis of in iidaTm hen zodiazeoines: 
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10 



15 



9^ 



OH sOCI,/MeOH 



95% 





NaHCOg/n-BuOH I [j' 
80 °C 

84% 3 

o 



BaN.THF 





20 



Hj/Pd 



Toluene, reflux 



45-65% 
5a-li 

Synthesis of nitro amide 3. Esto' 2 (LOg, 4.7 mmol)', prepared according to literatQi«,(K]i]da, M. J.; 
Breslin, H. J.; Pawds, R.; Fedde, C. L.; Miranda, M.; Scott, H K; Sherrill. R. G.; Taeymaekers, A.; Van Gelder, 
J.; Andries, K.; Janssen, M A. C; De Clerq, E.; Jannsen, P. A. J., J. Med Chem. 1991, 34, 746-751. ) was 
dissolved in n-butanol (5 mL). Sodium carbonate (0.50 g, 4.7 mmol) was added to the solution followed by 
etliylene diamine (282 mg, 4.7 mmol). After several liours of heating at 80 °C, an orange solid started to 
precipitate out of solution. The reaction was stopped after 16 h and the orange solid was filtered off and washed 
with water several times and reciystallized from EtOAc. The dry yield of the final orange crystals was 810 mg 
(84%). mp = 187-190 °C (dec). 'H NMR (de-DMSO) 5 8.72 (t, IH), 8.42 (t, IH), 8.23 (d, IH). 8.15 (d, IH), 
6.75 (t, IH), 3.64 (m, 2H), 3.35 (m. 2H). Anal Calcd. for C^iOz. C, 52.17; H, 4.38; N, 20.28. Found: C. 
52.25; H, 4.59; N, 20.19. 

Goieral Procedure for the acylation of 3 (4a). A solution of compound 3 (460 mg, 2.22 mmol) was 
dissolved in THF (10 mL). Triethyl amine (340 (iL, 2.44 mmol) was added to this solution followed by acetyl 
chloride (175 \)L, 2.44 mmol). The solution was stined overnight with gentle warming (50 "Q. The reaction was 
quendied with water (10 mL) followed by extraction with EtOAc P x 10 mL). The combined oiganics were 
dried, concfflitrated and chromatographed on silica gel to yield compound 4a in 30 % yield (160 mg). 'H NMR 
(CDCI3) 5 8.13 (d. IH), 8.06 (d, IH). 7.72 (t. IH), 6.96 (t, IH), 4.97 (m, 2H). 336 (m, 2H). 2.25 (s. 3H). This 
material was used without furdier purificatioa 

R« Phenyl (4b). 'H NMR (CDCI3) 5 8.63 (bs, IH), 8.40 (d, IH), 8.06 (d. IH), 7.60 (d. 2H), 7.52 (t. 
IH), 7.42 (t. 2SD, 6.85 (t, 11^. 4.29 (m. 2H), 3.84 (m, 2H). 
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R = m-tolyl (4c). 'H NMR (CDCI3) 5 8.65 (bs, IH). 8.40 (d, IH), 8.05 (d, IH). 7.44 (s. IH), 7.30 (m. 
3H), 6.85 (t, IH), 4.30 (m, 2H). 3.84 (m, 2H), 2.38 (s, 3H). 

R = p-to'lyl (4d). 'H NMR (CDCI3) 5 8.64 (bs, IH), 8.40 (d, IH), 8.06 (d, IH), 7.50 (d, 2H), 7.23 (d, 
2H). 6.85 (t, IH), 4.27 (m, 2H), 3.84 (m, 2H). 
5 R = ciimamoyl (4e). 'H NMR (CDCU) 5 8.47 (bs, 11^. 8.40 (d, IH), 8. 15 (d, IH), 7.85 (d. IH), 7.63 (m, 

3H), 7.40 (m, 3H), 6.88 (t, IH). 4.30 (m, 2H), 3.79 (m, 2H). 

R » cyclohexyl (4t). 'H NMR (CDCI3) 5 8.36 (d, IH), 8.34 (s, IH), 8.10 (d. IH), 6.87 (t, IH). 4. 16 (m. 
2H), 3.69 (m, 2H), 3.47 (m, IH), 1.96 (m. 2H), 1.81 (m, 2H), 1.70 (m, 2H), 1.34 (m, 4H). 

R - l-napthoyl (40. 'H NMR (CDCI3) 5 8.60 (bs, IH). 8.36 (d, IH), 8.04 (m. IH). 7.91 (d, IH), 7.85 
10 (m, 2H), 7.50 (m, 2H), 7.44 (m, 2H), 6.77 (t. IH), 4.45 (m, 2H), 3.93 (m. 2H) 

R = 2-napthoyI (4h). 'H NMR (CDCI3) 8 8.69 (bs. IH), 8.41 (d, IH), 8. 17 (s. IIQ, 8.03 (d, IH), 7.87 (m, 
3H), 7.54 (m, 3H), 6.85 (^ IH), 4.34 (m, 2H), 3.89 (m, ffl). 

General Procedure for the cydization of amides 4a-h (Sa). The acetate 4a (100 mg, 0.40 nunol) was 
dissolved ina 1:1 mixture of ElOAc:MeOH (10 mL). This solution was degassed and added toanitiogen 
15 containing Pair Bomb with 10% Pd/C (25 tag). This solution was hydrogenated at 30 psi for 4 hours. The 
mixture was filtered tluou^ a plug of celite and concentrated. The crude material was dissolved in boiUng 
toluene and refluxed for 12 h to induce cyclization. After cooling, the solution was concentrated and the product 
was reciystallized from EtOAc to yield 35 mg (44%) of the final product 5a. mp = >300 °C (dec). 'H NMR (de- 
DMSO) 5 8.35 (bt, IH). 7.79 (d, IH), 7.73 (d. IH), 7.25 (t, IH). 4.28 (m, 2H), 3.58 (m, 2H), Z53 (s, 3H). Anal 
20 Calcd. for C, ,H, , N3O: C, 62.84; EI, 5.75; N, 19.99. Found: C, 62.43; H, 5.54; N, 19.43. 

R = Phenyl (5b). mp = 253-257 "C; 'H NMR (ds-DMSO) 5 8.48 (bt, IH), 7.89 (m, 4H). 7.59 (m, 3H), 
737 (t. 11^. 4.47 (m, 2H), 3.54 (m, 2BC). Anal Calcd. for CisHisNjO: C, 72.97; H. 4.98; N. 15.96. Found: C. 
72.32; H. 5.06; N. 15.88. 

R = m-tolyl (5c). mp = 234-238 'Q 'H NMR (de-DMSO) 5 8.47 (bt. IH), 7.89 (m, 2H). 7.70 (s, IH), 
25 7.65 (d, IH). 7.47 (t. IH), 7.36 (m, 21^, 4.47 (m. 2110, 3.54 (m, 2H), 2.43 (s, 3H). Anal Calcd. for CitHisNsO (0.5 
H2O): C, 72.68; H, 5.53; N. 14.96. Found: C, 72.88; H, 5.58; N. 14.91. 

R « p-tolyl (Sd). mp = 258-263 "C; 'H NMR (de-DMSO) 8 8.44 (t, IH). 7.88 (m, 2H), 7.76 (d, IH), 
7.37 (m, 3H). 4.45 (m, 2H), 3.53 (m, 2H), 2.42 (s, 3H). Anal Calcd. fbr CnHisNaO: C, 73.63; H, 5.45; N, 15.15. 
Found: C, 73.13; H. 5.49; N, 15.10. 
30 R = phenylpropionyl (5e). mp = 195-200 "C; "H NMR (de-DMSO) 5 8.37 (t, IH), 7.86 (t, 2H), 7.34 (m, 

3E), 7.25 (m, 31^, 4.22 (m, 2H), 3.55 (m, 6H). Anal Calcd. for CijHnNaO: C, 74.20; H, 5.88; N, 14.42. Found: 
C, 73.05; H, 6.04; N, 14.49. 

R = cyclohexyl (5f). mp = 263-266 °C; 'H NMR (dg-DMSO) 5 8.35 (t, IH), 7.77 (m, 2H), 7.25 (t, IH), 
4.35 (m, 2H). 3.57 (m. 2H). 2.94 (m, IH). 1.94 (m. 2H), 1.81 (m, 2H), 1.71 (m, IH). 1.58 (m, 2H), 1.41 (m, IH), 
35 1.29 (m, IH). Anal Calcd. for CsHisNjO: C, 70.18; H, 7.18; N. 15.34. Found: C. 70.73; H, 7.13; N, 15.22 
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R = 1-napthoyl (5g). mp = 226-229 °C; *H NMR (d6-DMS0) 5 8.43 (t, IH), 8. 18 (d, iH). 8.09 (d, IH). 
7.98 (m, 2H), 7.91 (d, IH), 7.83 (d, IH), 7.71 (t IH), 7.59 (m, 2H), 7.43 (t, IH), 4.13 (m, 2H), 3.53 (m, 2H). Anal 
Calcd. for CaoHnNaO (0.25 H2O): C, 75.57; H, 4.92; N, 13.22. Found: C, 75.46; H, 4.87; N, 13.19. 

R = 2.napthoyl (5h). mp = 261-265 °C; ^H NMR (d«-DMSO) 5 8.52 (t, IH), 8.47 (s, IH), 8.11 (m, 2H), 
8.03 (m, 2H), 7.95 (d, IH), 7.91 (d, IH), 7.65 (m, IH). 7.40 (t, IH), 4.59 (m, 2H), 3.57 (m, 2H). Anal Caicd. for 
CzoHisNaO (1 H2O): C, 72.49; H, 5.14; N, 12.68. Found: C, 72.23; H. 5. 17; N, 12.65. 

Scheme 2'4. G^ieral Syn thesis «f amin obenzodiazepine derivatives 5a-v. 




Synthesis of Aniline (4). Nitro amide 3 (1.8 g, 8.7 mmol) was dissolved in MeOH (125 mL) and heated 
to 40 °C. Raney nickel (200 mg) was added to the solution followed by dropwise addition of hydrazine 
monohydrate (5 mL, xs). The reaction was heated to reflux for 30 minutes or until all of the starting material was 
gone then the mixture was fUtered hot through a plug of celite to remove the residual nickel. The celite was 
washed with boiling MeOH (100 mL) and the filtrate was concentrated and dried in vacuo. The resulting air 
sensitive solid (1.45 g, 94%) was stored imder nitrogen and an analytical sample could be obtained 60m 
trituration with diethyl ether. ^H NMR (de-DMSO) 5 7.91 (t. IH), 7.03 (d, IH), 6.69 (d, IH), 6.47 (t, IH), 4.97 (s. 
2H), 4.64 (m, 2H), 3.20 (m, 2H), 

General Procedure for synthesis of benzimidazoles 5a-ddd. The amine 4 (200mg, 1. 13 mmol), 
aldehyde (1. 1 eq) and palladium on carbon (50 mg) were all mixed in MeOH (10 mL) and refluxed overnight 
The reaction was filtered hot through a celite plug and the filtrate was concentrated in vacuo. The resulting solid 
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was triturated with diethyl ether or EtOAc (5 mL) and filtered. Analytical saiiq)les of the final products could be 
obtained by recrystallization in EtOAc orEtOAc/MeOH. 

R = H (5a). Yield = 32%; mp = 225-235 "C (dec); 'H NMR (ds-DMSO) 5 8.45 (bt, IH), 8.37 (s, IH), 
7.95 (m. 21^, 7.39 (t, IH), 4.50 (m, 2H). 3.65 (m. 2H). Anal Calcd for CoHgNaO (0.75 HjO) C, 59.84; H, 5.27; 
5 N, 20.94. Found: C, 59.69; H, 5. 16; N, 20.73. 

R = Ben2yl (5b). Yield = 52%; mp = 224-227 °C; 'H NMR (ds-DMSO) 5 8.53 (t, IH), 8.02 (m, 2H), 
7.47 9in, 6H), 4.5 1 (m, 2H). 3.75 (m, 2H), 2.70 (m, 2H). Anal Calcd for CnH, jNjO (0.25 H2O) C. 72.45; H, 5.54; 
N, 14.91. Found: C, 72.89; H. 5.55; N. 14.86. 

R =- 4-Fluo(ophenyl (5c). Yidd = 47%; mp = 252-256 "C; 'H NMR (de-DMSO) 5 8.39 (t, IH). 7.82 (m, 
10 4H), 7.36 (t, 2H), 7.28 (t, IH), 4.36 (m, 21^, 3.45 (m, 2H). Anal Calcd for QsHi^sO (0.2 H2O): C, 67.46; H, 
4.39; N, 14.75. Found: C, 67.3 1; H, 4.27; N, 14.74. 

R » 3-ChIoropiienyl (5d). Yield » 50%; mp - 265-267 "Q 'H NMR (d«-DMSO) 5 8.47 (t, IH), 7.87 
(m, 4H), 7.63 (m. 2H), 7.38 (t, IH), 4.48 (m. 21^, 3.35 (m, 2H). Anal Calcd for CsHiaClNja C, 64.54; Q, 
11.91; H, 4.06; N, 14.11. Found: C. 64.30; CU 11.64; H, 4.13; N, 13.92. 
15 R = 4-BromophenyI (5e). Yield = 13%; mp = 264-268 "C; 'H NMR (d«-DMSO) 8 8.57 (t, m, 8.00 

(m. 2H), 7.90 (m, 4H), 7.47 (t, IH), 4.54 (m, 2H), 3.62 (m, 2W). Anal Calcd for CisHizBrNsa C, 55.00; H, 3.69; 
N, 12.03. Found: C, 55.42; H. 3.67; N, 11.97. 

R = 3^-Dinuorophenyl (50- Yield = 9%, mp = 325-328 "C; 'H NMR (dg-DMSO) 8 8.49 (s. IH), 7.93 
(t, 2H), 7.62 (d, IH), 7.53 (m, IH), 7.40 (m, IH), 4.51 (m, 2H), 3.51 (m, 2H). Anal Calcd for CisHnFaNsO (0.3 
20 H2O): C, 63.07; H, 3.84; N, 13.79. Found; C, 63.09; H, 3.86; N. 13.65. 

R = 2,4-dihydroxyphenyl (5g). Tield= 61%; mp =■ 325-330 (dec) °C; 'H NMR (d«-DMSO) 5 11.02 (s. 
IH). 9.93 (s, IH), 8.45 (t, IH), 7.85 (t, 2H), 7.43 (d, IH), 7.35 (t. IH), 6.48 (s, IH). 6.43 (d, IH), 4.32 (m, 2H), 
3.53 (m, 2H). Anal Calcd for CoHsNjOz (0.5 H2O): C, 63.15; H, 4.64; N, 13.81. Found: C, 63.02; H, 4.78; N, 
13.55. 

25 R = 3^dihydroxyphaiyl (5h). Yield = 38^^ mp = 235-245 "C; 'H NMR (ds-IMvlSO) 8 9.82 (s, 2H), 

8.47 (t, IH), 7.92 (m, 2H), 7.40 (t, IH), 6.72 (s. 2H), 6.46 (s, IH), 4.47 (m, 2H), 3.59 (m, 2H). Anal Calcd for 
CioIfcN302 (H2O): C 61.34; H, 4.83; N, 13.41. Found: C, 61.56; H, 4.99; N, 13.36. 

R = 3^^-trUiydroigiihenyI (Si). Yield = 22%; mp = 340-345 <»C; 'H NMR (dfi-DMSO) 8 9.25 (s, 2H), 
8.73 (s. IH), 8.41 (t, IH), 7.82 (t, 2H), 7.31 (t. IH), 6.78 (s, 2H), 4.41 (m, 21^, 3.52 (m, 2H). Anal Calcdfor 
30 C10H9N3O2 (0.5 HjO): C, 60.00; H, 4.4 1; N, 13. 12. Found: C, 59.92; H, 4.20; N, 12.92. 

R = hydroxy (5j). Yield = 65%; mp == 255-259 "C; 'H NMR (dg-DMSO) 8 8.24 (t, IH), 7.57 (d, IH), 
7.27 (d, IH), 6.78 (t, IH), 4.50 (m, 2H), 3.24 (m, 2H). Anal Calcd for C10H9N3O2 (2 H2O): C, 50.21; H. 5.48; N, 
17.56. Found: C, 50.27; H, 5.60; N, 19.22. 

R = 4-carb03cyphenyl (5k). Yield = 32%; mp = 300-320 (dec) "C; 'H NMR (de-DMSO) 8 13.5 (bs, IH), 
35 8.66 (t. IH), 8.23 (d. 2H), 8. 10 (d, 2H), 8.06 (m, 2H), 7.57 (t, IH), 4.58 (m, 2H), 3.64 (m, 210. Anal Calcd for 
C10H9N3O2 (1.5 H2O): C, 60.75; H, 4.71; N, 1233. Foun± C, 60.05; H. 4.86; N, 12.50. 
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R = 3-N-methylindole (51). Tield = 64%; mp = 270-275 "C; 'H NMR (de-DMSO) 5 8.52 (t, 11^, 8.43 
(d, IH), 8.14 (s, IH). 7.94 (d, IH), 7.86 (d, IH), 7.65 (d, IH), 7.38 (iti, 2H), 7.31 (t. IH). 4.62 (m, 2H), 4.00 (s. 
3H), 3.65 (m, 2H). Anal Calcd for C,9Hi6N40: C, 67.07; H, 5.63; N, 17.38. Found: C. 67.65; H, 5.64; N, 17.39. 

R = 3-methyl-3-phenyIethyI (Sm). Yield = 35%; mp = 163-167 °C; 'H NMR (CDCI3) 5 8.04 (d, IH), 
5 7.93 (d, IH), 7.36 (t, IH). 7.23 (m, 4H), 7. 1 1 (d, IH), 6.9 1 (s, IH), 3.90 (m, IH). 3.60 (tn, IH), 3.42 (m. IH), 3.01 
(m, 1H)1.75 (01, 2H). 1.48 (d, 3H). Anal Calcd for QgHisNjO (0.5 EtOAc): C, 72.18; H, 6.63; N, 12.03. Found: 
C, 71.73; H, 6.84; N, 12.15. 

R = trans -cydopropylcarboxyethyl (5n). Yield = 65%; mp = 274-277 "C; 'H NMR (ds-DMSO) 5 
8.37 (t, 11^, 7.80 (d, IH). 7.73 (d, IH), 7.26 (t IH). 4.42 (m, 2H), 4.13 (q. 21^, 3.60 (m. 2H). 2.70 (m, IH). 2.30 
10 (m, IH), 1.58 (m, 2H), 1.22 (t, 3H). Anal Calcd for CifiH^NsOs (0.25 HjO): C. 63.25; H, 5.81; N, 13.83. Found: 
C, 63.52; H. 5.78; N, 13.61. 

R » N^-dimethylaminopropoxypbenoI (So). Yield 46%; mp » 105-108 "C; 'H NMR (CDCI3} 5 
8.09 (d, IH), 8.00 (d. IH), 7.70 (d, 2H), 7.41 (t, IH), 7.06 (d, 2H), 6.95 (t, IH), 4.50 (m, 2H), 4.11 (t, 2H), 3.73 
(m. 2H), 2.52 (t, 2H), 2.30 (s, 6H), 2.02 (m, 2H). Anal Calcd for C2iHj4N402 (1.5 H,0): C, 64.43; H. 6.95; N, 
15 14.3 1. Found: C. 64.74; H, 6.91; N, 14.07. 

R = methoxymethyl (5p). mp = 300-320 "C; 'H NMR (ds-DMSO) 5 8.39 (t, IH), 7.83 9d, m), 1.11 
(d, IH), 7.28 (t, IH), 4.31 (m, 2H), 3.38 (s, 2H), 2.56 (s, 3fO. Anal Calcd for Q^isNjOz: C, 63.19; H, 5.67; N, 
18.19. Found: C, 62.33; H, 5.44; N, 18.86. 

R" 4-metho^cinnamoyi (Sq). Yidd = 48%; mp = 225-228 "C; 'H NMR (ds-DMSO) 5 8.36 (t, IH), 
20 7.84 (m, 2H), 7.41-7.20 (m, 51^, 7.01 (d, IH), 6.88 (t, IH), 4.25 (m, 2H), 3.81 (s. 3H), 3.54 (m, 2H). Anal Calcd 
for C,9Hi7N3O2(0.5 HjO): C, 69.12; H. 5.56; N. 12.62. Found: C. 70.00; H, 5.87; N, 12.73. 

R = 3-pyridyl (5r). Yield = 549^ mp = 276-279 "C; 'H NMR (dg-DMSO) 6 9.06 (s, IH), 8.77 (d, IH), 
8.49 (t, IH). 8.29 (d, IH), 7.95 (d, IH). 7.91 (d, IH). 7.64 (t. IH). 7.39 (t, IH), 4.49 (m, 2H), 3.56 (m. 2H). Anal ■ 
Calcd for C1SH12N4O (0.25 H2O): C, 67.03; H, 4.69; N, 20.84. Found: C, 67.07; H, 4.70; N, 20.71. 
25 R«o-Fluorophenyl(5s). Yield=51% Mp = 237-244 "Q'H NMR (d6-DMS0)S 8.16 (m. IH), 8.04 

(m, IH), 7.79 (t, IH). 7.58 (m, IH), 7.45 (t, IH), 7.37 (t. IH), 7.26 (t, IH), 7.18 (t, IH), 4.37 (m, 2H), 3.75 (m, 
2H). Anal Calcd for C,6H,2FN3O(0.25 H2O): C, 67.24; H, 4.41; N, 14.70. Found: C, 67.52; H, 4.46; N, 14.45. 

R = 2-qulnolinyl (5t). Yield = 66%. Mp = 291-295 "C; 'H NMR (dg-DMSO) 5 8.58 (d, IH), 8.51 (t. 
IH), 8.47 (d, IH), 8. 19 (d. IH). 8.09 (d. IH). 8.01 (d, IH), 7.98 (d, IH), 7.87 (t, IH), 7.71 (t, IH), 7.43 (t. IH). 
30 4.50 (m, 2H), 3.68 (m. 21^. Anal Calcd for CsH, 4N4O: C. 72.60; H, 4.49; N, 17.82. Found: C, 72.47; H, 4.6 1; 
N, 17.70. 

R = 2-methyI-3-(4-methoxy)phenethyl (5u). Yield = 78 %. Mp = 148-152 "C; 'H NMR (CDCI3) 5 
8.05 (d, IH), 7.98 (d, IH). 7.37 (t. IH), 7.14 (t. IH), 6.89 (d, IH). 6.71 (d, IH), 4.03 (m, IH), 3.73 (s. 3H). 3.47 
(m, 2H), 3.21 (m, IH), 3.06 (m, 2H), 1.55 (d, 3KD. Anal Calcd for C20H21N3O2 (0.2 H2O): C, 70.86; H, 6.36; N, 
35 12.39. Foun± C. 70.84; H, 6.30; N, 12.57. 
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R = 2-furyI (5v). Yield = 75%. Mp = 271-275 °C; 'H NMR (dg-DMSO) 5 8.46 (t. IH), 8.02 (s, IH), 
7.86 (d, 2H), 7.36 (t, IH). 7.25 (d, IH), 6.79 (d, IH), 4.60 (m, 2H), 3.61 (m, IH). Anal Calcdfor C,4H„N302 (0.6 
H2O): C, 63.68; H, 4.66; N, 15.91. Found: C, 63.76; H, 4.54; N, 15.93. 

R = Benzyloxy (Sw). Yield = 85%. Mp = 215-220 °C; 'H NMR (ds-DMSO) 8 7.93 (m, 2H), 7.39 (m. 
5 6H), 4.48 (s, 21^, 4.44 (m, 2H), 3.65 (m, 2H). Anal Calcd for CisHnNsOjCl HjO) C, 66.45; H, 5.89; N, 12.91. 
Found: C. 66.70; H, 5.90; N, 12.81. 

R - Phenylpropargyl (5x). Yield = 75%. Mp = 261-263 "C; 'H NMR (de-DMSO) 5 8.46 (t, IH), 7.96 
(d, IH), 7.90 (d, IH), 7.76 (d, 2H), 7.55 (m, 3H), 7.41 (t, IH). 4.56 (m. 2H), 3.68 (m. IH). Anal Calcd for 
Ci8Hi3N3O(0.3 H2O) C 73.86; H, 4.68; N, 14.35. Found: C. 73.92; H, 4.67; N, 14.27. 
10 R = 2-nltrofiiryl (5yX Yield = 65% Mp = 315-3 19 "Q 'H NMR (d^-DMSO) 5 8.53 (t, IHO. 7.96 (na, 

3H), 7.57 (d, 1^. 7.45 (t, IH), 4.69 (m, 2H), 3.65 (m, 2H). Anal Calcd for C,4IioN404(0.45 1^0) C, 54.89; H, 
3.59; N, 18.29. Foun± C, 54,88; H, 3.49; N, 18.24. 

R = 2-methylaceto^iyl (Sz), Yield = 67% Mp = 261-263 "O, 'H NMR (d«-DMSO) 5 8.48 (t, IH), 
7.88 (d. 2H), 7.38 (t, IH), 7.23 (d, IH), 6.84 (d, IH), 5.18 (s. 2H), 4.59 (m, 2H), 3.61 (m, 2H), 2.09 (s, 3H). Anal 
15 Calcd for C,7H,5N304 (0.35 HzO) C, 61.57; H, 4.77; K 12.67. Found: C, 61.58; H, 4.58; N, 12.66. 

R = cinammoyl (5aa). Yield = 72%. Mp = 300-305 "C; 'H NMR (de-DMSO) 5 8.40 (t, IH), 7.85 (m, 
5H), 7.35 (m, 5H), 4.58 (nu 2H), 3.64 (m, 2H). Anal Calcd for CijHisNaO (0.1 H20).C, 74.26; H, 5.26; N, 14.43. 
Found: C, 74.17; H, 5.36; N, 14.38. 

R = p-phenylcinnamoyl (5bb). Yield = 79% Mp = 210-215 °C; 'H NMR (de-DMSO) 5 8.34 (t, IH), 
20 7.86 (d, IH), 7.78 (d. IH). 7.38 (m. 4H), 714 (d, 21^. 7. 10 (s, IH), 4.20 (m, 2H), 3.40 (m, 2H). Anal Calcd for 
C24H19N3O C, 78.88; H, 5.24; N, 11.50. Found: C, 78.54; H, 5.25; N, 11.45. 

R =» 3-Bromoplu»yI (Sec). Yield = 57% Mp = 265-270 "C; 'H NMR (dfi-DMSO) 8 8.55 (t, IH), 8. 13 
(s, IH), 7,96 (m, 3H), 7.84 (d, IH), 7.63 (t, IH), 7.46 (t, IH), 4.54 (m, 2H). 3.52 (m. 2H). Anal Calcd for 
CisHizBrNaO (0.5 H2O) C, 54.72; H, 3.73; N, 11.96. Foun± C, 55.36; H, 3.77; N, 11-83. 
25 R = 2-(jp-clilorophenyI)fiiryI (Sdd). Yidd = 64% Mp = 342-344 "C; 'H NMR (ds-DMSO) 8 8.52 (t. 

IH), 7.93 (m, 4H), 7.57 (d. 2H), 7.37 (m, 3H). 4.73 (m. 2H), 3.66 (m, 2H). Anal Calcd for CjoHwClNjOj C. 
66.03; H, 3.88; N, 11.55. Found: C, 65.73; H. 4.05; N, 11.44. 

R = 2(-m-chlort»pliaiyl)Airyl (See). Yield = 63% Mp = 253-256 "C; 'H NMR (dg-DMSO) 5 8.52 (t, 
IH), 7.96 (s, IH), 7.89 (m, 3H), 7.54 (t, IH), 7.46 (m, 4H), 4.71 (m, 2H). 3.66 (m, 2H). Anal Calcdfor 
30 CjoHmCINjOz (0. 1 H2O) C, 65.70; H, 3.91; N, 11.49. Found: C. 65.i51;H, 3.96; N, 11.33. 

R = 2-(o-chlorophenyl)furyl (Sfl). Yield = 70% = 264-267 °C; 'H NMR (ds-DMSO) 5 8.5 1 (t. 
IH), 8.04 (d, IH), 7.91 (t, 2H), 7.64 (d, IH), 7.54 (t, IH), 7.40 (m, 4H), 4.75 (m, 2H), 3.67 (m, 2H). Anal Calcd 
for C2oH,4ClN302 (0.2 H2O) C, 65.38; H, 3.95; N, 11.44. Found: C. 65.20; H, 3.91; N, 11.45. 

R = 2-broniothophenyl (5gg). Yield = 53% Mp = 260-263 "C; 'H NMR (dg-DMSO) 8 8.49 (t, IH), 
35 7.87 (m, 2H), 7.56 (d, IH), 7.44 (d, IH), 7.37 (t, IH), 4.57 (m, 2H), 3 .6 1 (m, 2H). Anal Calcd for Ci4HioBrSN30 
C, 48.29; ft 2.89; N, 12.07. Foun± C, 48.00; ft 2.99; N, 11.88. 
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R = CH2CH2COOH (5hh). Yield =45%. Mp = 298-304 "C; 'H NMR (de-DMSO) 8 12.28 (s, IH). 
8.36 (t, IH), 7.80 (m, 2H). 7.26 (t IH), 4.32 (m, 2H). 3.57 (m, 2H). 3.07 (t, 2H). 2.83 (t. 2H). Anal Calcd for 
CaHijNaOj C, 60.23; H, 5.05; N. 16.21. Found: C, 60.39; H, 5.21; N, 15.98. 

R = 3-carboxyphenyl (5ii). Tield = 82%. Mp = 300-320 »C; 'H NMR (d^-DMSO) 8 13.28 (s, IH). 8.48 
5 (t, IH). 8.41 (s, IH), 8.11 (m, 2H). 7.90 (m, 2H), 7.72 (t, IH), 7.37 (t, IH), 4.47 (m, 2H), 3.54 (m. 2H). Anal 
Calcd for CnHijNjOj (0.25 H2O) C, 65.48; H, 4.36; N. 13.48. Found: C. 65.46; H. 4.51; N, 13.43. 

R = p-carboxyethyldihydrodnaaiBoyl (5jj). Yield = 82%; mp .= 230-233 'Q 'HNMR pMSO-ds) 5 
8.34 (bt. IH). 7.89 (d. 2H), 7.80 (m, 2H). 7.46 (d. 21^, 7.27 (t. IH). 4.50 (m. 2H). 4.30 (q, 2H). 3.53 (m. 2H). 3.21 
(m.4H), 1.3 l(t,3H). MS (ES+ = 364.23). Anal Calcd. for C2,H;2,N303(0.25H20):C. 68.56; H, 5.89; N, 11.42. 

10 Found: C. 68.30; H. 5.84; N, 1 1.52. 

R = i^t-butoxycarbonyl)aniino-2-phenyl etbane (Skk). Yield = 27%; mp = 175-179 »C 'H NMR 
(DMSCMls) 5 8.35 (bt, IH), 7.85 (m, 2H), 7.58 (d, IH), 7.31 (t. IH). 7.23 (m. 5H), 5.09 (ni, IH), 4.14 (m, 2H). 
3.45 (m, 2H), 1.29 (s, 9H). Anal Calcd. for C23H26N4O3(0.5 H2O): C 66.49; H. 6.55; N. 13.48. Found: C, 66.33; 
H. 6.45; N. 13.55. 

15 R = i.amino-2-pheDyI ethane (SH). This compound was made by deprotection of Skk (SOOmg, 2.82 

mmol) with 10 % TFA/DCM (5mL). After stining for 16h, the solvent was removed and the residue was 
triturated with HCl/diethyl ether (l.OM, 5mL) and filtered. The crystals were washed several times wifli diethyl 
ether and dried to yield 405 mg (47%). Mp= 155-160 °C (dec.); 'H NMR (DMSO-dfi) 8 7.93 (d, m, 7.85 (d, 
IH), 7.40 (t, 2H), 7.13 (m. 3H), 6.89 (d, IH). 5.01 (m. IH), 4.15 (m, 2H), 3.48 (m, 2H), 3.21 (t, 2H). Anal Calcd. 

20 for CgHisN^O HCl (2 H2O): C, 51.64; H, 5.86; N. 13.02. Foun± C, 52.09; H, 5.74; N, 12.94. 

R = 4-carboxymethylphenyl (Smm). Tield = 85y« mp - 260-265 "C; 'H NMR (DMSO-de) 5 8.51 (bt. 
IH). 8.14 (d, 2H). 8.04 (d. 2H). 7.93 (m, 2H). 7.40 (t, IH), 4.50 (m. 2H), 3.92 (s. 3H). 3.56 (m, 2H). MS (ES+ = 
322.19). »C. Anal Calcd. fi)rC23H2^403(1.5H20):C. 62.06; H, 5.21; N, 12.06. Found: C. 61.75; H. 5.08; N, 

12.19. 

25 R = 4-hydroxymethylphenyl (Son). This compound was made from ester Smm in a similar manner to 

alcohol9. Yield=84%;mp=243-248«'C;'HNMR(PMSO-d6)88.47(t, IH), 7.85 (m, 4H), 7.53 (d, 2H),7.36 
(t, IH). 5.38 (t, IBO, 4.61 (m, 2H), 4.46 (m, 2H), 3.54 (m, 2H). Anal Calcd. for Ci7HisN,O2(0.4 HjO): C, 67.94; 
H. 5.30; N, 13.98. Found: C, 68.30; H, 5.27; N. 13.90. 

R = 4-chloromethylphenyl (5oo). This compound was made from alcohol 5nn in a similar manner to 
30 benzyl chloride 10. Yield = 78%; 'H NMR PMSO-dg) 5 8.84 (t, IH). 8.16 (m. 2H). 8.03 (d, 2H). 7.76 (m, 3H). 
4.95 (s, 2H), 4.58 (m, 2H), 3.65 (m, 2H). MS (ES+ = 300.03). 

R = 2-N-methyl pyrrole (5pp). Tield = 56%; mp = 244-248 "Q 'HNMR (DMSO-d«) 8 8.45 (t. IH). 
7.87 (d, IH), 7.84 (d, IH), 7.33 (t, IH), 7.10 (dd, IH), 6.67 (dd. IH), 6.24 (dd. IH), 4.46 (m. 2H), 3.94 (s. 3H). 
Anal Calcd. for C15HUN4O: C, 67.65; H. 5.30; N, 21.04. Foun± C, 67.59; H. 5.36; N, 21.14. 
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R = 2-pyrroIe (5qq). Yield = 48%; mp = 323-330 °C; 'H NMR (DMSO-dfi) 5 11.93 (s, IH), 8.45 (t, 
IH). 7.79 (t, 2H), 7.31 (t, IH), 7.04 (s, IH), 6.77 (s, IH), 6.29 (m, IH), 4.53 (m, 2H), 3.59 (m, 2H); MS (ES+ = 
253.21). Anal Calcd for C,4H,2N40 (0.4 H2O): C, 64.80; H. 4.97; N. 21.59. Found: C, 64.78; H, 4.82; N, 21.75. 

R = 2-imidazole (5rr). Yield = 61%; mp = 334-348 °C; 'H NMR (DMSO-ds) 5 13.37 (s, IK^. 8.47 (t, 
5 IH), 7.91 (t, 21^. 7.39 (m, 2H), 7.23 (s, IH), 4.50 (m, IIS), 3.65 (m, 2H); MS (ES- = 252.01). Anal Calcd. for 
CaHiiNjO (0.15 H2O): C, 61.00; H. 4.45; N, 27.36. Found: C, 60.95; H. 4.42; N, 27.44. 

R = 2-N-methyliimdazole (5ss). Yield = 789^ mp = 206-210 "O, 'H NMR (DMSO-dj) 5 8.46 (t. IH), 
7.95 (dd. 2H). 7.51 (s, IH). 7.39 (t, IH), 720 (s, IH). 4.50 (m, 2H), 4.09 (s. 3H), 3.60 (m. 2H); MS (ES+ = 

268.31) . Anal Calcd. fer Ci4H,3N5a C. 62.91; H. 4.90; N, 26.20. Found: C, 62.79; H. 5.06; N, 25.91. 

10 R = 2-(5-ni-nitrophenyI)fiiryI (5tt). Tield = 86%; mp = 290-296 "Q 'H NMR (DMSO-de) 5 8.62 (s, 

IH). 8.52 (t IH), 8.33 (d. IH). 8.21 (d, 110. 7-93 (d, IH). 7.90 (d, IH), 7.80 (t. IH). 7.61 (d. IH), 7.45 (d, IH), 
7.39 (t IH), 4.73 (m, 21©, 3,66 (m, 2H); MS (BS+ = 375.23). Anal Calcd. for C:^,4N404: C, 63.56; H, 3.84; N, 
14.82. Found: C 63.63; H, 3.80; N, 14.88. 

R = 2-{4,5-dimethyl)furyl (5uu). Yield = 50%; mp = 305-3 10 °C; 'H NMR (DMSO-de) 5 8.44 (t, IH), 

15 7.83 (d, 2H), 7.33 (t, IH), 7.05 (s. IH), 4.56 (m. 2H). 3.61 9d, 2H), 2.34 (s, 3H), 2.03 (s, 3H); MS (ES+ = 

282.32) . Anal Calcd. for CeHisNsOj (0.2 HjO): C. 64.45; H, 5.45; N. 14.75. Found: C, 67.50; H, 5.40; N, 14.90. 

R = 2-(5-carboxy)ftiryl (5w). Yield = 93%; mp = 301-302 "C; 'H NMR (DMSO-ds) 8 8.49 (t, IH), 

7.94 (d, 2H), 7.43 (m, 3H), 4.66 (m, 2H), 3.63 (m, 2H). Anal Calcd. for CijHi,N304 (1 H2O): C, 57.14; H, 4.16; 

N, 13.33. Found: C, 57.08; H, 4.19; N, 13.31. 
20 R = 2-(5-N-methylpiperazaiamido)furyl (5w). This compound was made by coupling N- 

meHqrlpiperazine wifli 5w using EDC/DMAP as outlined in examples 7*-n . Yield = 16%. Mp = 261-265 "C. 

'H NMR (DMSO-de) 5 8.48, (t, IH), 7.93 (d, IH). 7.90 (d, IE), 7.39 (t, IH), 7.35 (d, IH), 7.26 (d, IH). 4.64 (m. 

2H), 3.65 (nu 6H), 2.39 (t, 4H), 2.22 (s, 3H). MS (PS+ = 282.32). Anal Calcd. for CjoHiiNsOs (0.6 HjO): C, 

61.56; H, 5.73; N, 17.95. Found: C, 61.52; H. 5.67; N, 18.01. 
25 R =3-(5Hutro)tiiiophene (5xx). MS (ES+ = 315.21). 

R » 2-thiopbene (5yy). MS (ES+ - 270.3 1). 

R = 2-(N-methyI)-5-fonnylpyrroIe (5zz). This compound was prepared from the formylation of pyrrole 
5pp (see J. Med. Chem. 1989, 32, 896.). The isomers were separated by column chromatography 
(DCM->2%MeOH/DCM). Yield of 5zz = 10%. Mp = 241-247 »C; 'H NMR (DMSO-ds) 5 9.73 (s. IH). 8.50 (t, 

30 IH), 7.97 (d, IH), 7.94 (d, IH). 7.41 (t, IH), 7.23 (d. IH), 6.87 (d, IH), 4.46 (t, 2H), 4. 15 (s. 3H), 3.58 (t, 2H). 
Anal Calcd. for Ci6H,4N402 (0.3 H2O): C, 64.12; H, 4.'91; N, 18.69. Found: C, 64.29; H, 4.91; N, 18.65. 

R = 2-(N-methyl)-4-formylpyrro!e(5aaa). Yield = 5%; mp = 228-230 "C; 'H NMR (DMSO-ds) 5 
9.76 (s. IH). 8.48 (t, IH), 8.00 (s, IH), 7.90 (t. 2H), 7.37 (t. IH), 7.12 (s. IH), 4.49 (s, 2H), 3.99 (s, 3H), 3.57 (t 
2H). Anal Calcd. for C,6Hi4N402: C, 65.30; H, 4.79; N, 19.04. Found: C, 65.32; H, 4.93; N, 19.01. 

35 R <= 2-(S-amino)furyl (Sbbb). This amine was made by the reduction of nitrofiuyl 5y witi» Pd/C/Hj. 

MS ^+ = 269^21). 
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R = CH2CH2C(0)NCH2CH2(m-McOC6H4) (Sccc). Compounds 5ccc and 5ddd were made by standard 
EDC coupling conditions as stated previously for examples 7a-n. Yield = 43%; mp= 165-167 ^'C; ^HNMR 
(DMS0-d6) 5 8.36 (s, IH), 8.07 (s, IH), 7.81 (d, IHO, 7.75 (d, IH), 7.26 (t, IH), 7.15 (t, IH), 6.76 (m, 3H), 4.31 
(m, 2H), 3.72 (s, 3H), 3.58 (s, 2H), 3.27 (d, 2H), 3.06 (s, 2H), 2.67 (s, 4H). Anal Calcd. for C22H24N4O3 (0.5 
5 H2O): C, 65.82; H, 6.28; N, 13.96. Found: C, 65.80; H, 6.08; N, 13.95. 

R = CH2CH3C(0)NHCH2CH2-piperazine (5ddd). Yield = 16%; *H NMR PMSO-de) 5 8.35 (t IH), 
7,87 (t, IH), 7.80 (d, IH), 7.74 (d, IH), 7.25 (t, IH), 4.32 (m, 2H), 3.56 (s, 2H), 3.12 (m, 4H), 2.67 (t, 2H), 2.25 
(m, 6H), 1.42 (m, 6H). Anal Calcd. for C20H27N5O2: C, 65.02; H. 7,37; N, 18.96. Found: C, 65.00; H. 7.24; N. 
19.10. 

10 

Scheme 3-4 Synthesis of imidazobenzodiazepine amines 6a-dd. 




5n 6 
Synthesis of chloride 5n. Amine 4 (200 mg, 1. 13 mmol), palladium on caibon (50 mg), were suspended 
15 inCH3CN(10mL). A30%solulionafcUon}acetaldeIiydeinwater(215pL, 1.31 mmol) was added to this 
mixture and the reaction was stirred fbr 3 h. The reaction mixture was coarse £rit and concentrated. Thecrude 
filtrate was analyzed to be 95% 5n and was used in the amination stqp without further purificatioa Yield = 69%, 
173mg; *H NMR (dg-DMSO) 5 8.43 (t, IH). 7.92 (d, IH), 7.87 (d, IH), 7.35 (t, IH), 5.08 (s, 2H), 4.41 (m, 2H). 
3.63 (m, 2H). 

20 General Procedure for amination of chloride 5n (6a, R = piperazine). The chloride 5n (150mg, 0.64 

mmol) was suspended in CH3CN (5 mL) and piperidine (108mg, 1,3 mmol) was added followed by refluxing for 
12 h. The solution was quenched with water (ImL) followed by extraction with EtOAc (2x5 mL). The 
combined organics were dried with anhydrous sodium sul&te and tiie resulting residue was triturated with either 
diethyl ether or hexanes and dried to yield the crude products 6a*Kid. The resulting solid (96mg, 53%) was die 

25 desired amine 6a. 'H NMR (dg-DMSO) 5 8.35 (t, IH), 7.82 (d, IH), 7.76 (d, IH). 7.27 (t, IH), 4.31 (m, 2H). 3.61 
(m, 2H), 3.35 (s, 2H). 3.03 (s, 2H), 2.55 (s, 2H), 1.68 (m, 4H), 1.59 (m, 2H). MS(ES+ - 285.07). 

Scheme 3-4a. Alternative Synthesis of imidazobenzodiazepine amines 6a-ldc 
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2) TBAF 

3) SOCl2 
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KjCOa 
CHjCN 




6a-kk 



Alteraative Ss^esis of chloride 5n. The amine 4 (12.5 g, 70.6 mmol), palladium on carbon (500 mg) 
and t-butyldimethysilylo:qracetaldelqrde (15.0 g, 84.7 mmol) were suspended in 500 mL THF and refluxed 
ovemight The reaction was monitored by TLC (EtOAc) and after consumption of the amine (16 h), the 
palladium was filtered off and the filteate was treated with tetrabutylammonium fluoride (75 mL. l.O M in THF). 
The solvent was removed and the resulting residue was triturated with 75 mL diethyl ether and 75 mL MeOH and 
filtered. The sohd was dried and characterized as the intermediate alcohol (13.6g, 89%, >95% purity). This 
compound was chlorinated without further purification. The alcohol was added portiomvise to thionyl chloride 
(25 mL) and stirred overnight The thirayl dUoride was fbsa. removed in vacuo and the residue was triturated 
several times wifli diethyl ether. The crude solid was recrystalKzed fix>m acetonitrile (12.2 g, 74 % overall yield). 
'H NMR (DMS04!) 8 8.44 (t, IH). 7.92 (d, IH). 7.87 (d. IH). 7.36 (t, IH). 5.08 (s, 2H). 4.42 (m. 2H), 3.63 (m, 
2H): MS (ES+ = 392.34). Anal Calcd. for CHioClNsa C 56.06; H. 4.28; N. 17.83. Found: C. 56.06; H, 4.27; 
N, 17.83. The amines 6ee4d( were made fix)m this compoimd. 



6b, R« N-benzylmethylamine. 'H NMR (dg-DMSO) 5 8.44 (t, IH), 7.89 (m, 2H). 7.35 (m. 6H), 4.45 
(m, 2H). 3.90 (s, 2H), 3.65 (m. 2H), 3.62 (s, 2H), 2.17 (s, 3H). MS (ES+= 321.01). 
6c, R = imidazole. MS (ES+ = 267.93). 
6d, R = pyrrolidine. MS (ES+ == 270.97). 
6e, R = tetrahydroquinoline. MS (ES+ = 332.98). 
6f, R = N-methylaniBne. MS (ES+ = 306.98). 
6g, R = N-methylpiperazine. MS (ES+ = 300.02). 
6h, R « N,N J*4rimethylethylenedlamine. MS (ES+ = 302.03). 
6i, R = N-methylcydohexylaminc. MS (ES+ = 3 13.04), 
6j,R=N-PhenyIplperazlne. MS (ES+ = 361.97) 
6k,R==N,N<dibutylamine. MS (ES+= 329.04) 
61, R = N,N,N-trimethylpropanedlamine. MS (ES+ = 3 16.03) 
6m, R = 4-piperidone. MS (ES+ = 298.97). 
6n, R = 3-methylcarboxy-4-piperidone. MS (ES+ = 356.96). 
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60, R = 2-.piperidiiie-inetbanoL MS (ES+ = 315.03). 

6p, R « hexamethyleneimine. MS (ES+ = 299,05). 

6q, R = morpholine. MS (ES+ = 287.02). 

6r, R = N-benzylpiperaadne. MS (ES+ = 377.05). 

6s, R = heptamethyleneimine. MS (ES+ = 3 13.08). 

6t, R = N,N-dipentylamine. MS (ES+ = 357. 14). 

6u, R = NjN-dihexylamine. MS (ES+ « 385.17). 

6v,R»N^-diisopropylaiiiine MS (ES+ = 301.10). 

6w, R = N^-diethylamine. MS (ES+ = 273. 10). 

6x, R = N-methyl-p-anisidine. MS (ES+ = 337.06). 

6y, R = N-braEyl-[2.^11-diazabicycloheptane. MS (ES+ = 388.10). 

6z, R = N jr-dipropylaminc MS (ES+ = 30 1. 10). 

6aa, R = NJV-dimethylamine. MS (ES+ = 245.02). 

6bb, R = N^-dibenzylamine, MS (ES+ = 397.09). 

6cc, R = N-tertbutoxycarbonyl piperazine. MS (ES+ = 386.11). 

6dd, R = piperooyl piperaziiie. MS (ES+ = 420.09). 

R = N-beiizyl-(N,N-.dimethylaminoethyl)amine (6ee). ^HNMR (CDCI3) 5 8.57 (bt, IH), 8.05 (t. 2H), 
7.50 (t. IH), 7.39 (m, 5H), 5.12 (s, 2H), 4.50 (bs, 2H), 3.80 (bs. 2H), 3.60 (m, 4H), 3.36 (s, 6H), 3.10 (m, 2H). 
MS (ES+« 377.99). 

R = N-benzyl-N-pbenethylamiae (6ff). MS (ES+ = 410.98). 

R « tetrahydrisoquinoluie (6gg). MS (ES+ = 332.98). 

R » 4,5-diinethoxyt6trahydroisoquinoline (6bh). MS (ES+ - 392.96). 

R»L-prolyuieO-tBiitylester (6ii). MS (ES+= 371.01). 

R = [2.2.1] diazabicycloheptane (6jj). MS (ES+ = 298.30). 

R = (N-3-fluorophenyl) [2.2.1] diazabicycloheptane (6kk). NMR (DMSO-d^) 5 8.38 (bt, IH), 7.79 
(m, 2H), 7,25 (t, IH), 7.15 (m, IH), 6.48 (m, 3H), 4.45 (s, 2H), 4.50 (m, 2H), 3.95 (m, 2H), 3.70 (m, 2H), 3.45 (m, 
2H), 2.76 (dd, 2H), 1.87 (dd, 2H). MS (ES+ = 392.34). Anal Calcd. for C22H22FN5O (0.75 H2O): C. 65.25; H, 
5.85; N, 17.29. Found: C, 65.63; H. 5.77; N, 16.88. 

Scheme 4-4. General Synthesis of amides 7a-n. 
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General procedure for the synthesis of amides 7a-n, Carboxylic acid (5u) (80 mg, 0.26 mmol), EDC 
(94 mg, 0.52 mmol), DMAP (5mg) and the requisite amine (0.52 mmol) were mixed together in a solution of 
5 DCM/NMP (10: 1 , 5mL). The reactions were agitated overnight Workup consisted of washing vnth water (3 
mL) and drying the organic phase through a plug of sodium sul&te. The crude amides 7a-n were all isolated by 
concentrating the organic phase. 

7a, N-(aniinocthyl)-morpholine. MS (ES+ « 419.94). 

7b, N-(aminoethyl)-pyrroiidin& MS (ES+ = 403.96). 
10 7c N-aminoethyl-piperidine. MS (ES+ « 417.98). 

7d, N-methylpiperaadne. MS (ES+ = 389.98). 

7e, N-benzylpiperazine. MS (ES+= 465.98). 

7f, Piperonylpiperaziiie. MS OES+ = 509.94). 

7g, N-boc-piperazine. MS (ES+ = 475.98). 
15 7h, N^JV-trimetfaylpropanediamine. MS (ES+ = 406.02). 

7i, 2-(aimnoethyI)-N-methylpyrroUduie. MS (ES+ = 418.01). 

7i, NJV-diethylethylenediamine. MS (ES+ = 406.02). 

7k, N,N-dimethylethyIenediamine. MS (ES+ 378.00). 

71, N,N-dietliylpropanedia]mne. MS (ES+ » 420.04). 
20 7m, N-beiizyi-diazap.2.1]blcydoheptane» MS (ES- » 475.90). 

7n, 3-carboxyraethyl-4-piperidinone. MS (ES+ = 446.96). 



25 Synthesis of Bicyclic Amines 8a-t 
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8a-t 

R = H (8a). 'H NMR (DMSO-d*) 8 8.38 (bt. IH). 7.85 (d, IH), 7.80 (d, IH). 7.32 (in.6H). 4.50 (m, 2H). 
4.00 (d, IH). 3.92 (d, IH), 3.70 (d, IH), 3.63 (m. 3H). 3.25 (m, 2H). 2.81 (d, IH). 2.59 (m. 3H). 1.67 (m, 2H). 
MS (ES+ = 377.99). Anal Calcd. for C23H25NsO(0.2 H^O): C 70.64; H. 6.40; N. 17.91. Found: C. 70.86; H, 

6.55; N, 17.95. 

R = 2^dimetiiyl (8b). MS (ES+ = 416.35). 
R = 3-metliosy (8c). MS (PS+ = 418.33). 
R = 4-meth(Hy iHd). MS ^S+ = 418.33). 
R »4-0acetyl (8e). MS (ES+ = 446.33). 
R = 3,4-dunethyl (8f). MS (ES+ = 416.37). 
R = 3,4-dichIoro (8g). MS (ES+ = 456.24). 
R = 4-t-butyl (8h). MS (ES+ = 444.41). 
R = 4-inethyl (8i). MS (ES+ = 402.38). 
R = 4-fluoro (8j). MS (ES+ = 406.37). 
R = 3-chloro (8k). MS (ES+ = 422.65). 
R » 24aoro ^0- MS CES+ = 406.30). 
R==3-niethyl(8in). MS (ES+= 402.32) 
R = 2-meayl (8n). MS (ES+ = 402.35). 
R = 3^uoro (8o). MS CES+ = 406.33). 
R = 2-chloro (8p). MS (ES+ = 422.30). 
R = 4-trans-stilbenc (8q). MS (ES+ = 489.62). 
R = 4-Obeiizyl (8r). MS (ES+ = 494.36). 
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R = 2-chloropiperonyl (8s). MS (ES+ = 466.30). 
R==4-chl ro(8t> MS (ES+ = 422.34). 



Scheme 6-4. Synthesis of amines lla-f. 




10 

HNRj 




lia-f 

5 

Alcohol 9. Etliyl ester 5jj (500 mg, 1.38 mmol) was suspended in THF (20 mL) and cooled to 0 °C. 
Lithium aluminum hydride (100 mg, 2.74 mmol) was added portionwise over the next 30 mia The reaction 
mixture was stirred at room temperature overnight The reaction was quenched with 10 mL EtOAc and washed 

10 with water ( 10 mL). The organic layer was partitioned and the aqueous layer was repeatedly extracted with 
EtOAc (4 X lOmL). The combined organics were dried with Na2S04 and concentrated in vacuo. The resulting 
crude solid was triturated with diethyl ether (10 mL) and filtered. The resulting solid was characterized as the 
alcohol 9, Yield = 400 mg (96%); NMR (DMSO-dg) 8 8.32 (bt, IH), 7.78 (t. 2H). 7.25 (t, IH), 7.22 (m, 4H), 
5.11 (t, IH), 4.45 (m, 2H), 4.44 (d. 2H), 3.49 (m, 2H), 3.12 (m, 2H), 3.08 (m. 2H); MS (ES+= 322.40). Anal 

15 Calcd. for C,9Hi9N5Q2(0.75 H2O): C, 68.14; H, 6.08; N, 12.55. Found: C, 68,59; H. 6.08; N, 12.27. 
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Benarjrl Chloride 10. The alcohol 9 (350 mg, 1.09 mmol) was added portionwise to a cooled (0 ""C), 
stirred solution of thionyl chloride (3 mL). After 3 h of stirring, the tfaionyl chloride was removed in vacuo and 
the crude chloride was triturated with diethyl ether and filtered to yield 29S mg of the crude chloride (est purity 
>95%). This material was aminated without further purification. NMR (DMSO-d^) 5 8.46 (bt, IH), 7.88 (m, 
5 2H), 7.35 (m, 4H), 4.74 (s, 2H), 4.30 (bs, 2H), 3.53 (bs, 2H), 3.27 (m, 2H), 3.17 (m, 2H); MS (ES+ = 340.30). 

Genera] procedure for amination of chloride 10. The chloride 10 (20 mg, 0.058 mmol) was dissolved 
in CH3CN (1 mL). Potassium carbonate was added to the mixture (16mg, 0.12 mmol) followed by the requisite 
amine (0. 12 mmol). The reactions were heated to 60 °C overnight The reaction was then quenched with IM HCl 
(ImL) and extracted with EtOAc (2 mL). The aqueous layer was basified with K2CO3 and extracted with EtOAc 
10 (2 X 2mL). The EtOAc was concentrated in vacuo and the crude amines were characterized by MS. 

NIfc = Dimethylamine (11a). MS (ES+ = 349.35). 

NIt2 = Piperidine methanol (lib). MS (ES+ = 419.38). 

NR2 = N-methylpiperazine (lie). MS (ES4- = 404.38). 

NR2 = Tctrahydroisoquinoline (lid). MS (ES+ « 437.36) 
15 NR2 = N,N»N-trimethyIpropylenediamine (lie). MS (ES+ = 420.42) 

NR2 = Pyrrolidine (llf). The HCl salt of llf was prepared by suspending the free base in EtOAc and 
adding 1.1 eq BCMEXnO and stirring for Ih. Filtration of the resulting solid led to a hygroscopic solid. Yield = 
72%; NMR (CDCI3) 5 7.93 (d, IH), 7.79 (d, IH), 7.49 (t, IH), 7.22 (d, 2H), 7.11 (d, 2H), 4.50 (m, 5H), 4.17 (s, 
2H), 3.40 (m, 2H), 3.25 (m, 4H), 3.13 (m, 2H). 2.99 (m, 2H), 2.00 (m, 2H), 1.83 (m, 2H); MS (ES+ = 375.38). 
20 Anal Calcd. for C23H27CIN4O1 (4 H2O): C, 57. 19; H, 7.30; N, 1 1.60. Found: C. 56.93; H, 7.46; N, 1 1.74. 

Scheme 7-4. Synthesis of amides 13a-k. 
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13a-k 

CarboxyUc Add IX The ester 5jj (l.Og, 2.75 mmol) was suspended in IM NaOH and heated at 100 «C 
until dissolution occuxied. The reaction mixture was cooled and acidified to pH 7 and Ae solid was filtered oflF. 
The solid was dried and characterized to te the desired material 12. Dry Yield == 761 mg (82%); mp = 300-320 
5 °C; NMR (DMSO-ds) 5 12.86 (bs, IH). 8.35 (bt, IH), 7.87 (d, 2H), 7.81 (m. 2H), 7.43 (d, 2H), 7.28 (t, IH), 
4.27 (m. 2H), 3.53 (m, 2H), 3.21 (m, 4B). Anal Calod. &r Ci5>H„N303(3 H2O): Q 58,76; H. 4.71; N, 10.82. 
Found- C, 58.74; H, 4.85; N, 10.81. 

General procedure for the synthesis of amides 13a-k. The carboxylic acid 12 (20mg, 0.060 mmol) 
was suspended in DCM/NMP (1 mL, 4/1 mixture). The EDC (18 mg, 0.094 mmol), DMAP (catalytic amount) 
10 and requisite amine (1.2 eq) were added and the reactions were stirred overnight. The reaction was quenched with 
water (2 mL) and partitioned with DCM (2x2 mL). The combined organics were dried and concentrated to yield 
the crude amides. The amides were characterized by MS. 

NRa = N-ben:^H2*2.11diazabicycIohcptanc (13a). MS (ES+ « 506.26). 
15 NR2 =N-beiizyl piperazine (13bX MS (ES+= 494.28). 

NR3 « N-aminoethylpyrolBdine (13c). MS (ES+ = 432.3 1). 

NRi = N-aminocthylpiperidine (13d), MS (ES+ - 446.3 1). 
= 4-carboxymethylpiperidine (13e). MS (ES+ = 461.29). 

NRz = N^-diethylcthyicnediamine (13f). MS (ES + = 434.33). 
20 NRj^N-methyl piperazine (13g). MS (ES+ = 418.31). 
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NR2 == 3-carboxymethyl-4-oxopiperidiiie (13h). MS (ES+ = 475.27). 
NR2 = N, N, N-trimethylethylenediainiiie (13i). MS (ES+ = 420.36). 
NR2 = glycine t-butylester(13j). MS OES+ = 447.29). 

NE2 = glycine (13k)* This compound was made by the deprotection of glycine t-butyl ester 13j (300 
5 mg» l.Ommol) with IO%TFAuiDCM. After stuiing for 16h»ftesoWent was removed and the residue taken 
in 10% NaaCQa. Extraction of this basic mixture followed by acidification and reextraction withEtOAc (3 x 
5inL) led to a solution of the desired acid 13k. The EtOAc was removed in vacuo the crude solid was 
xecrystallizedfromMeOH/EtOAc (75 m^g, 20 %). *HNMR(DMS0-d6) S 12.75 (bs» IH), 9.13 (bt, IH), 8.51 (bt, 
IH), 8.39 (s, IH), 8.07 (m, 2H), 7,94 (m, 2H). 7.72 (t, IH), 7.39 (t, IH), 4.51 (m, 2H), 3.98 (m 2H), 3.56 (m, 2H). 
10 Anal Calcd. for C19H16N4O4: C. 62.63; H, 4.43; N, 15.38. Found: Q 62.28; H, 4.49; N, 15.34. 



Scheme 8-4. Synthesis of amides 14a-j. 




5oo 

15 

General procedure for the synthesis of amines 14a-j» The procedure fidlowed to synthesize 14a-j was 
similar to the synthesis of amines 6a-kk. 

NK2 = dimethylamine (14a). MS (ES+ = 32L26). 

NR2 = py rroUdine (14b). MS (ES+ = 347.27). 
20 NR2 == 4-carboxymethylpiperidine (14c). MS OES+ = 419.26). 

NRz = N-methylglycine (14d). MS (ES+ = 367.21). 

NE2 » tetrahydroisoquinoline (14e). MS (ES+ = 407.26). 

NR2 « N-meflayi-benzylammc (14f). MS CES+ = 397.26). 

NR2 « N,N^-trimethylettiylenediamine (14g). MS (ES+ » 378.33). 
25 NR2 « N-mcthylpiperazine (14h). MS (ES+ = 376.32). 

NRt = 2-piperidinemethanol (14t). MS (ES+ » 391.31). 

NR2 =^ N-methyl^ycInc t-butyl ester (14j). Yield = 70%; mp = 180-185 ^C; *H NMR (DMSO-dg) 5 
8.37 (t, IH), 7.82 (m, 2H), 7.29 (t, IH), 4.48 (m, 2H), 3.94 (s, 2H), 3.58 (m, 2H), 3.26 (s, 2H), 2.30 (s, 3H), 1.38 
(s, 9H). Anal Calcd. for C18H24N4O3: C, 62.77; H, 7.02; N, 16.27. Found: C, 62.73; H, 7.05; N, 16.22. 

30 

Example 5 
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Compounds of the following general formula II-5 may be synthesized, for example. Toy the foUowing 

methods 



O 




Scheme 1-5. General Scheme for synthesis of azaphenantbridones 4arc. 



O 




2a< 3a< 



10 General procedure for the synthesis of amines 3a-c The boronic acid 1 (2.0 & 8.0 mmol) prq)ared 

according to Brinible, M A.; C3ian, S. U.Aust. J. Chem. 1998, 51, 235-242 was added to a solution of potassium 
carbonate (2.2 g m 8 mL W» and 2-diloio-3-amino pyridine (0.94 g. 7.3 mmol) m 100 mL toluene/EtOH (8: 1). 
This mixture was dereqrgenated in vacuo and refilled with nitcogea After stirring the mixture under nitrogen for 
30 nrin. palladium teliakistriphaiylphosphine (250 mg) was added to the mixture. The solution was heated to 80 

15 »C unta complete conversion according to TLC (50/50 Hexanes/EtOAc). The reaction was dien extracted with 
water and the toluene layer was dried and concentrated to yield a crude solid which was teiturated with diethyl 
ether (10-20 mL) to yield 1.84 g (85%) of the desured amine 3a. 'H NMR (CDCI3) 5 8.05 (d, IH), 7.45 (m, 3H), 
7.28 (d, IH), 7.06 (m. IH), 7.00 (d. IH). 4.01 (s, 2H), 3.78 (m, IH). 3.31 (m. IH), 1.48 (d, 3H). 1.13 (d, 3H), 1.01 
(d,3H).0.84(d,3H). 

20 R = 5-chloro amtoe 3b. Amide 3bwas ^ynfliesizedfrom 3-amino-2,5-diddoroipyridine 2b (X 

= a, R = 5-a) as stated above with the exception of purification by flash chromatogiiq)hy on the minimum 

amount of silica gel (10% EtOAdEfcxanes-^ 50% EtOAc/Hexanes). Dry yield was L40g (70%). 'H NMR 

(CDCI3) 8 7.98 (s. IH). 7.45 (m. 2H), 7.26 (m. 2H). 7.00 (d, IH), 3.76 (m, IH). 335 (m, IH). 1.48 (d. 3H), 1.19 

(d,3H), 1.04 (d,3H). 0.91 (d,3H). 
25 Rsft-methoxy amine 3c. Amide 3c was synthesized fiom3-amino-2-bromo-6- 

methoxypyiidine 2c and boronic add 1 as stated above. Hie dry yield was 74%. 'H NMR (CDCh) 6 7.43 (m, 
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3H), 7.27 (m, IH), 7.08 (d, IH), 6.61 (d, IH), 3.83 (s, 3H), 3.70 (m. IH), 3.30 (m, IH), 1.49 (d, 3H), 1.15 (d, 3H), 
0.99 (d,3H), 0.75 (d,3H). 



Azaphenanthridone 4a. The amide 3a (1.74 g, 5.8 mmol) was dissolved in diy tetiahydrofuran (25 mL) 
and cooled to -78 "C under nitrogea Lithium diisopropylamide (2.0 M, 7.6 naL) was added to dropwise to the 
solution and diis mixture was stirred for several hours and warmed to room temperature overai^t The reaction 
was quendied wifh water (50 mL) and extracted with 10% MeOWDCM. The combined oiganics were dried and 
concentrated to yield the crude solid which was triturated with boiling diethyl edier to yield the puce material 4a 
0.95 g (89%). lAp = 300-320 °C (dec.); 'H NMR (de-DhiSO) 5 11.78 (s, IH), 8.77 (d. IH). 8.55 (d, IH), 8,32 (d, 
IH), 7.93 (d, IH), 7.74 (m, 2H), 7,54 (m, IH). Anal Calcd. for Ci^^: C, 73,46; H, 4.11; N, 14,28. Foun± C, 
72.80; H, 4.19; N. 14.06. 

O 



adoroazapbenanfliridone 4b. Chloride 4b was made in an analogous manner to compound 4a. Yield 
« 74%; mp » 295-300 »C; 'HNMR (d«-DMSO) 5 11,80 (bs, lE^. 8 69 (d, lED, 8.56 (S!, IKD. 8.31 (d, IH), 7.94 (t. 
IH), 7.78 (m, 2H). Anal Calcd, fer QaHTClNzO: C, 62.49; H, 3.06; N, 12.15, Foun± C, 6L53; H, 3.21; N. 
11.87. 



Metfaoxyazaphenanthridone 4c Compound 4c was made from amide 3c in a similar manner to 4a. 



Yield 99%; mp= 290-300 "C, 'H NMR (de-DMSO) 5 11.67 (bs, 11^), 8.69 (d. IH), 8.30 (d, lE^. 7.93 (1, IH), 7.72 



O 






-53- 



wo 02/44183 



PCT/USOl/44815 



(m, 2H), 7.03 (d, IH), 4.01 (s, 3H). Anal Calcd for QaHioNzOz: Q 69.02; H, 4.46; N, 12.38. Foim± C, 67.89; 
H, 4.49; N, 12.08, 

O 



Hydroxyazaphenanthridone 41 The mtibyl ether 4c (500ing» 2.2 mmol) v/ds dissolved in 10 mL HBr 
(48% in HOAc) in a sealed tube. The reaction was heated to 100 ®C for 10 h. After cooling, fee reaction was 
filtered and washed with acetic acid (3 x 10 mL) and dried in vacuo. The diy weight of the hydrobromide salt 4d 
was421nig. (90%). *HNMR(d6-DMS0) 5 11.61 (bs, IH), 10.50 (bs, IH), 8.62 (d, IH), 8.30 (d, IH), 7.89 (t, 
IH), 7.71 (t, IH), 7.65 (d, IH), 6.81 (d, IH). Anal Calcd. For CiaHsBrNjOa: C, 49.17; H, 3.09; N, 9.56. Found: 
C, 48.75; H, 3.15; N, 9.36. 



Benzyloxyazaphenanttridone 4e. The hydrobromide salt 4d (100 mg. 0.34 mmol) was dissolved in 3 
mL DMF. Potassium carbonate (100 mg) and benzyl bromide (60 ^L, 0.50 mmol) were added to the solution and 
the mixture was heated to 60 **C for 14 h. The solvent was removed in vacuo and the residue was washed with 
water (5 mL) and boiling ^feOH (lOmL) and filtered. The solid 4c (47mg, 46%) was pure while the filtrate 
contained a mixture of isomers. Mp = 271-276 ^^C NMR (d^-DMSO) 5 11.68 (bs, IH), 8.71 (d, IH), 8.30 (d, 
IH), 7,93 (t, IH), 7.74 (m, 2H), 7.55 (d, 2H), 7.40 (t, 210, 7.32 (t, IH), 7.09 (d, IH), 5.54 (s, 2H). Anal Calcd. for 
Ci9Hi4N202(H20): C, 71.24; H, 5.03; N, 8.74. Found: C, 71.28; H, 4.83; N, 8.38. 

Scheme 2*5. Synthesis of Aminoazaphenanihridone 4f» 





o 




1 



2f 



3f 
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Dinitroamide 3f. The coupling of 2-chIoro-3»5-diiiitropyTidiiie 2f with boronic acid 1 was accomplished 
as outlined in the procedure for 3a-c. NMR (CDCI3) 5 9.55 (s, IH), 9.04 (s. IH), 7.41 (m, 2H), 7.39 (t, IH). 
7.28 (d, IH), 3.99 (m, IH), 3.40 (m, IH), 1.58 (bd, 3H), 1.50 (bd, 3H), 1.33 (bd, 3H), 1.20 (bd, 3H). 

Aminoazaphenanthridone 4f. The dinitroamide 3f (700mg, 1.88 mmol) was dissolved in 25 mL 
5 MeOH and added to a Parr flask under nitrogen with 100 mg of palladium on carbon. This mixture was reduced 
under an atmosphere of 30 psi of hydrogen for 2 h. The palladium was filtered off through a plug of celite and the 
filtrate was concentrated in vacuo and the crude diamine (550 mg, 94%) was used in the cyclization without any 
further purificatioa The diamine was redissolved in diytetcahydio&ran and c}^ 
similar manner to amides 3a-c Compound 4f was isolated in 56% yield (227mg). Mp = >300 ''C (dec.); 



10 NMR (dfi-DMSO) 5 11.46 (bs. IH), 8.49 (d, IH). 8.17 (d, IH), 7.95 (s, IH), 7.77 (t. IH), 7.51 (t, IH). 6.79 (s, 
IH), 5,92 (d, 2H). Anal Calcd. for C12H5N3O2: C, 62.87; H, 4.84; N, 18.33. Found: C, 62.18; H, 4.74; N, 18.17. 



Chloroazaphenanthridone 4g. Amide 5 was prepared from commercial reagents, benzoyl chloride and 
3-amino-2,6-dichloropyridine in DCM in high yield. The desired product 4g was prepared by dissolving amide 5 
(4.45g, 16.7 mmol) in DMA (35 mL) and adding sodium carbonate (1.8g, 16.7 mmol) and palladium acetate (400 
20 mg, catalytic amt). The reaction mixture was heated to 125 °C for several hours until the startiag material was no 
longer present by TLC. The reaction was then cooled down to room temperature and concentrated in vacuo and 
the crude residue was suspended in boiling EtO Ac (100 mL) and filtered through a plug of celite. The filtrate was 
concentrated and the solid that precipitated out was filtered off and determined to be compound 4g (520 mg, 13% 



yield). Mp = 285-295 (dec.) «C; 'H NMR (dg-DMSO) 5 11.92 (bs, IH), 8.62 (d, IH), 8.32 (d, IH), 7.95 (t, IH), 
25 7.77 (m, 2H), 7.62 (d, IH), Anal Calcd. for Ci2H7CaN20: C, 62.49; H, 3.06; N, 12.15. Found: C, 6L40; H, 3.19; 



Scheme 3-6. Syndesis of chloroazaphenanthridone 4^ 



15 




N, 11.77. 



Scheme 4-5« General Scheme for synthesis of azaphenanthridone amines 4h-s. 
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General procedure for the synthesis of nitro compound 3g. The boronic acid 1 (2.0g, 8.0 nmiol) 
prepared according to the literature was added to a solution of potassium carbonate (2.2g in 8 mL H2O) and 2,5- 

5 dicMoro-3-nitro pyridine 2g (1.4 g, 7.3 nmiol) in 100 mL tolueneffitOH (8:1). This mixture was deoxygenated in 
vacuo and refiUed with nitrogen. After sturinglhe mixture undo-nitr^gen for 30 min, palladium 
tetraMstriphenylphosphine (250 was added to the mixture. The solutiwi was heated to 80 "CuntU complete 
conversion (no starting mataial) according to TLC (50/50 HSexanes/EtO Ac). The reaction was then extracted 
with water and the toluene layer was dried and concentrated to yield a crude oil which was columned on silica gel 

10 to afford the desired isomer 3g in 45% yield (1.20gi). 'H NMR (CDCI3) 8 8.26 (d. IH). 7.45 (m, 3H). 7.34 (m. 
2H), 3.99 (m, IH), 3.41 (m, IH). 1.38 (bs, 9H). 121 (d, 3H). 

General procedure for the synthesis of amines 6a-x. Chloride 3g (300 mg. 0.83 mmol) was dissolved 
in THF (5 niL) followed by the addition of diisopropyl^ylamine (160 jiL, 0.91 mmol), and 2-(4- 
aminoeaqrOmorpholine (220 mL, 1.66 mmol). The reaction was heated to 65 "C overnight and TLC analysis 

15 indicated a low running spot on the baseline (EtOAc). Water (5 mL) was added to the mixture foUowed by 
extraction with DCM (3 x 10 mL). The combined organics were dried and concentrated to yield a crude foam 
which solidified upon drying in vacuo. The soUd was triturated with hexanes and filtered to yield 320 mg (85%) 
of the desired amine 6a. 

NRj = aminoethyimorpholine (6a). Yield = 85%; 'H NMR (DMSO-ds) 5 8.21 (m, IH). 7.40 (m, SH). 
20 6.36 (d, IH), 3.97 (m, IH), 3.70 (m. 6H), 3.47 (m, 2H), 3.3 1 (m, IH), 2.45 (m. 6H), 1.48 (bs, 3H). 1.24 (bs. 3H). 
1.06 (bs, 3H), 0.87 (bs, 3H). 

NBi = N-me«iylpiperazinc (6b). Yield = 72%; MS CES+) = 426.21. 

NKj " N-boc-[2.11]dia2iabicycIoheptaiie (6c). Yield = 729^ MS CES+) = 486.43. 

NRj = N-boc-piperazine (6d). Yield = n%i MS (E&¥) = 473.23. 
25 KRa" amino (6e). Yield = 72%; MS OES+) - 343.3 1. 
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General procedure for the synthesis of anilines 7a-x. Ktao compound 6a (300 mg, 0.66 nimol) was 
dissolved in MeOH (20 mL) with Pd/C (100 mg) and hydrogenated at 30 psi for 2 h. TLC indicated complete 
conversion of the nitro compound (10 % MeOH/EtOAc). The reaction mixture was filtered through a plug of 
celite and the filtrate was concentrated and dried. The crude &am was used in the cycUzation step without fiuther 



purification. The dry yidd of tlie anilinB 7a was 275 mg (99%). 'H NMR (CDCI3) 5 7.41 (m, 3H), 6.98 (d, IH), 
631 (d, IH), 4.75 (bs, 2H), 3.78 (m, IH), 3.70 (m, 4H). 3.28 (m, 3H). 2.56 (m, 2H), 2.47 (m, 4H), IJO (d, 3H), 
1.19 (d, 3IS). 1.00 (d, 3H), 0.83 (d, 31^. 



General procedure for the qjvUzation of anilines 7a-z. The crude aniline 7a (270 vag, 0.64 mmoO 
was dissolved in TEIP (20 mL) and cooled to -78 "C. A 2.0M solution of LDA (ImL) was added to the aniline 
and die reaction was slowly wanned to room temperature ovemi|^ The mixture was quenched with water (10 
mL) and extracted several times with EtOAc (3 x 15 mL). The combined organics were dried and concentrated 
and the resulting solid was triturated with EtOAc (3 mL) and filtered yielding 125 mg (58%) of the desired amine 



4h. 'H NMR (DMSO d^) 5 11.46 (s, IH), 8.70 (d. IH), 8.32 (d, IH), 7.92 (t, IH), 7.71 (t, IH), 7.49 (d, IH), 6.82 
(d, IH), 6.63 (t. IH), 3.66 (m, 4H). 3.58 (m, 2H), 2.60 (m, 4H). MS (ES+ = 324.97). Mp = 250-255 "C. Anal 
Calcd for C,8H2oN402(0.5 H2O) C, 64.85; H, 6.35; N, 16.81. Found C, 65.44; H, 6.27; N, 16.71. 



41 

mi = N-metliylpiperazine (40. Yield =' 46%; mp = 285-288 °Q 'HNMR (GDQs) 5 1L50 (s, lU), 
8.65 (d, \H), 8.27 (d, IH), 7.88 (t, IH), 7.69 (t, IH), 7.56 (d. IH), 7.14 (d, IH), 3.56 (t, 4H), 2.46 (t, 4TJ), 2.24 (s, 
3H). Anal. Calcd for CnHigNA C. 69.37: H, 6.16: N. 19.03; found: C, 69.38: H, 6.15: N, 18.84. 
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O 




I 

Boc 



NRj => (S,S)-N-Boc-[2.2.11 diazabicydohqrtane (4j). YvAd = 36%; mp = 259-261 »C; 'H NMR 
(DMSO-*) 5 11.44 (s, IH). 8.65 (d, IH), 8.26 (d, IH). 7.67 (t, IH). 7.45 (4 IH), 6.85 (t, IH), 4.92 (dd, 2H). 3.38 
(m, 2H), 3.30 (s, IH), 3.23 (m, IH). 1.96 (d, 2H), 1.60 (s. 9H). Anal Calcd. for C2aHa4N403: C. 67.33; H, 6.16; N, 
14.28. Found: C, 67.30; H, 6.19; N, 14.21. 



NRj a p.2 JLl-diazabiqrdoheptaiie (4k). This compound was made by the deprotection of the boc 
gioupby lOyolFA/DCMaeh). Yield =98%; mp= 160-165 "C; 'HNMRCDMSCWs) 8 11.54 (s, IH), 8.68 (d, 
IH), 8.59 (d, IH), 7.90 (t, IH), 7.72 (t, IH), 7.61 (d, IH), 6.92 (d, IH), 5.04 (s, IH), 4.53 (s, IH), 3.68 (m, 2H), 
3.29 (m, 2H), 2.19 (d, IH). 2.00 (d, IH). Anal Calcd. fai C,7H,6N40(1.1 CzBFsOMi * HjO): C, 54.41; H, 4.00; 
N, 13.22. Found: C. 54.12; H, 4.26; N, 12.98. 



O 




H 



4k 



O 




Boc 



41 
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15 



NR2=Boc.piperazine(4D. Yield = 48 %;iiip = 23 1-235 °C; 'HNMR(DMSO-rf6)5 11.52(s. IH), 
8.67 (d, IH). 8.27 (d, IH). 7.89 (t, 2H), 7.70 (t, 2H), 7.58 (d, IH), 3.50 (dd, 8H). 1.44 (s. 9H). Anal Calcd. for 
C2,H24N403 (0.5 H2O): C, 64.77; H, 6.47; N, 14.39. Found: C, 64.83; H, 6.39; N, 14.23. 




4m 

NRj « piperazine (4m). TWs compound was made by the deprotection of the boc group with 
10%TFA/DCM (16h). Yield = 99%.; mp = 250-252 "C; 'H NMR (DMSO-de) 5 11.56 (s, IH). 8.93 (bs, IH), 
8.65 (d, IH), 8.27 (d, IH), 7.87 (t, IH). 7.70 (t, IH), 7.61 (d, IH). 7.21 (d. IH). 3.61 (t, 4H), 3.26 (bs, 4H). Anal 
Calcd. for CsHieN^O (0.5 H20)(1.9TFA):C. 47.18; H, 3.40; N. 11.11. Found: C, 47.39; H, 3.64; N. 11.18. 

O 




4n 

10 NRi = amino (4n). Yield = 50%; mp = 3 10-3 15 °C; 'H NMR (DMSCWs) 5 1 1.42 (s. IH), 8.50 (d. IH), 

8.26 (d, IH), 7.85 (t, IH), 7.66 (t. IH), 7.44 (d, IH), 6.70 (d. IH), 6.02 (d. 2H). Anal Calcd. &r CjHsNjO (0.11 
EtOAc): C 67.64; H. 4.51; N. 19.02. Found: C 67.98; H, 4.57; N, 18.67. 
O 




NRj = N,N-diethyI aminopropyl (4o). Yield» 45%; mp= 114-116 «C; 'H NMR (PMSO-rf«) 5 300 
MHz 0.96(t. 6H, J=7.07, 7.73), 1.72(m, 2H), 2.49(ni. 6H). 3.39(m, 2H), 6.70(d, IH, J=8.84), 7.41(d, IH. JN8.84). 
7.65(t, IH, ^8.08, 8.09), 7.84(t, IH, J=8.09, 8.34). 8.24(d. IH, J-7.83). 8.83(d, IH, 1-7.83), 11.4(s. IH). 
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No 



0 



4p 

N«, = N-isopropylpiperazine(4p).iiip = 260-264«C;»HNN!R(DMS^^^ 11.48(s. IH), 

8.63(d.J»7.44Hz.lH).8.25(d.J-7.25Hz, IH). 7.86(t. J = 8.2. 8.39Hz. IH). 7.67(t. J= 8.20, 6.87H2, IH), 
7.53(d. J = 9.15Hz, IH). 7.10(d, J = 9.16Hz, IH), 3.55(t, J = 4.96. 4.58Hz, 4H), 2.68(m, IH), 2.56(t, J = 4.77. 
4.77Hz, 4H). 1.00(d, J - 6.48Hz, 6H). Anal Cakd for Q^^O: C, 70.8; H. 6.9; N. 17.2. Found: C, 70.9; H, 
6.9; N, 17.2. 

O 




4q 

NBa-pyrrolyIpipcridlne(4q).mp= 170-175 »C;'HNMR(D20) 8 300 MHz 7.89(d, J = 7.63Hz. IH). 
7.80(4 J = 7.82Ifa, IH). 7.54(t, J = 7.06. 7.63Hz, IH). 7.43(t, J = 6.48. 7.44Hz, IH). 6.94(d. J = 8.21H2, IH). 
6.54(d, J = 7.25Hz, IH), 4.08(d, J= 12.21Hz. 2H), 3.63(t. J= 9.72. 8.OIH2, 2H), 3.31(m, IH), 3.13(ni, 2H), 
2.70(t. J= 9.92, 12.02Hz, 2H), Zll-2.2(ni. 4H). 1.94(t|, 2H). 1.63(q, 2H). Anal CalcA for C2,HmN40(1 H2O) 
(1.4HCI): C. 58.4; a 6.4; N, 13.0; CI, 11.5. Found: C, 58.7; H, 6.8; N, 12.8; CI, 11.1. 
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6 



4r 

NI^, = N-cydopentyl^enrrine (4rX = 285-290 »C; 'H NMR pMSCWe) 5 300 MEfe 1 1.50(s, IH), 
8.65(d, J = 7.82BZ, 13), 8.28(d. J = 8.01Hz, IH), 7.88(t, J = 7.06, 6.86Hz, IH), 7.70(t. J = 7.06, 7.06Hz. IH), 
7.56(d, J = 8.96Hz. IH). 7.13(d, J = 9.16Hz, IH). 3.58(t, J = 4.96. 4.20Hz, 4H), 2.57(t J = 4.58, 4.57Hz, 4H). 
1.83(m, 2H), 1.64(in. 2H), 1.57(m. IH), 1.50(in, 2H), 1.37(iii, ZS). Anal Calcd. fer Cj,Hi4N40 (0.2 HaO): C, 
71.7; H 7.0; N, 15.9. Found: C, 71.6; H, 7.0; N. 15.7. 



oxidation of 4i with excess mO^A. *H NMR (PiO) 5 300 hdHz 7.62 (d, J = 6Hz, IH), 7.52 (d, J = 9Hz, IH), 
7.33 (m, 2H), 6.59 (d. J= 9Hz, IH), 6.14 (d, J= 9Hz, IH), 3.73 (m, 4H), 3.62 (t, QH), 3.55 (s, 3H), 3.08 (t. 2H). 




4s 

NRj = N-oxo-N-methylpiperidine (4s). The synthesis of this compoiiiid and 4t was pafonned by the 
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NRj = N-oxo-methylpiperidine-N-oride (4t). mp = 230-235 "C; 'H NMR (DjO) 8 300 MHz 7.97 (m, 
IS), 7.51 (d, J = 9Hz. IH), 7.43 (d, J = 9Hz, IH). 7.36 (t. J = 9Hz, IH), 7.27 (t J = 9Hz, IH), 4.88 (bt, 2H), 4.56 
(bt, 2H), 3.96 (bd, 2H), 3.69 (s, 3H), 3.64 (bd, 2H). Anal Calcd. for Ci7Hi8N403 (1.25 HjO): C, 50.1; H, 5.1; N, 
13.8. Foun± C, 50.7; H, 5.2; N, 13.8. 



NRj = N-methylfuranylpiperazine (4u). mp =■ 270-275 "C; 'H NMR (DMSO-rfs) 300 MBfe 11.49(s, 
lH),6.63(d,J= 8.01Hz. IH), 8.25(d, J = 7.82Hz, IH), 7.86(t. J = 8.20, 8.21Hz, lH),7.67(t, J =7.06, 7.06Hz, 
lH),7.53(d,J = 8.96. IH), 7.11(d, J = 8.96Hz. IH). 3.96(in, iH),3.73(q, lH),3.59(q, IH), 3.55(t, J=4.96. 
3.44Hz, 4H), 2.61(m, 2H). 2.55(m, 2H), 2.41(nj, 2H), 1.86-1.98(in, IH), 1.75-1.82(in, 2H). L43-L47(iii, IH). 
10 Anal Qdcd. for C2,H24N402 (P.3 H^): C, 68,2; H, 6.7; N, 15.2. Found: C, 68.2; H, 6.7; N, 15.0. 



4v 

NRj = N-cydopropylmethylpiperairiiie (4v). 'H NMR (DMSO-4$) 300 MHz 1 1.38 (bs, US), 8.5S (d, 
IH), 8.17 (d, IH), 7.76 (t, IH). 7.58 (t, IH), 7.46 (d, IE), 7.05 (d, IH), 3.49 (m, 4H), 2.40 (m, 4H), 2.12 (m, 2H), 
0.77 (m, IH), 0.39 (m, 2ED. 0.00 (m, 2H). 



5 
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NBa = N-methyl-PAll-diazaWcydoheptane (4w). 'H NMR (DMSO^s) 300 MHz 11.43 (bs, IH), 
8.66 (d, IH), 8.27 (d, IH). 7.84 (t IBO. 7.70 (t, IH). 7.53 (d. IH), 6.81 (d, IH). 4.73 (tn, IH), 3.52 (m. IH). 3.4 
(m. IH). 3.37 (m, IH), 3.34 (m. IH), 2.87 (d, IH). 2.28 (s, 3H), 1.86 (dd. 2H). 



O 




S7 

4x 

NB» = N-cyclopropyliiietlwl-p.2.11-diazabi<grcloIi^taiie (4x). MS (ES+) = 347.28. 



Scheme 5-5. Synthesis of the anunesSa-r. 




General procedure for the alkylation of amine 41t. Amine 4k (10 mg). excess K2CO3, and 
.rresponding benzyl chloride were placed in test tubes in 1 mL CH3CN. Those niixtoes were heated to 
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heat block overnight. EtOAc and 10 %HC1 were added The organic layer was removed and the aqueous layer 
was basified with 10% NaOH. Extracted widi EtOAc and then evaporated under reduced pressure. Compounds 
8a-r were made in this manner. 

R - CH2CN (8a), MS (ES+) = 332.41. 

R = CHjCOOEt (8b). MS (ES+) = 378.45. 

R = CH2-(2,5-dimethylphenyl)(8c), MS (ES+) = 311.51. 

R = CH2'<4-fhiorophenyI) ^d). MS (ES+) = 401.45. 

R » CHa-(4-methozyphenyO (8e). MS (ES+) » 413.49. 

R » CH2-(3,4-dimethyIphenyl) (Sf). MS ^) » 41 1.23. 

R » CH2-<3^chlorophenyO (8g). MS (ES+) » 451.36. 

R » CH2-(2-fIuorophenyl) (8h). MS (ES+) = 401.42, 

R« CH2-(3-mcthylphenyl) (81). MS (ES+) - 397.49. 

R = CH2-(3-chlorophenyl) (8j). MS (ES+) = 417.83. 

R = CH2"(2-methyIphenyi) (8k). MS (ES+) = 397.41. 

R = CH2K2-chlorophenyD (81)- MS (ES+) = 417.73. 

R = CH2-(4-carboxyphenyI) (8m). MS (ES+) = 427.43. 

R = CH2-C3H:arboxypheayl) (8n). MS (ES+) = 427.41. 

R == CH2-(4-methylphenyI) (80)* MS OES+) 397.42. 

R * CH2-(4-beEizyloa^beiiyO (8p). MS (ES+) 489.44. 

R » CH2-(3-fliiorophenyI) (8q). MS (ES+) = 400.42. 

R « CHzK^-methylphenyO (8r). MS (ES+) = 412.43. 



Scheme 6-5* Synthesis of amines 9a-c. 




H k 
4m ga^: 



General procedures for paralld synthesis of amines 9a-c To a mixture of the amine 4m, excess 
K2CO3, and coire^nding bromomediyli^dines was added 1 mL CHsCN . The reaction mixtures were heated to 
90 °C fbr 4h. Tris(2-amino^yl)amine resin was added and heated to 70 °C fot Ih to remove excess of 
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bromomethylpyridines. The mixtures were filtered and added to water (2 mL). Extracted with EtOAa The oiganic 
layers were dried over Na2S04 and evaporated under reduced pressure. 

R = C3a[,-(o-pyridine) (9a). MS (BS+) = 372.41. 

R» CHrOu-pyridine) (?h). MS (ES+) = 372.40. 

R = CHj-Co-pyridiue) (9c). MS (E&+-) = 372.41. 



Scheme 7-5. Syntheris of amines llarx. 




10 iia-o 



Procedure for syntttesizing cidoracetyl derivative (10). Amine 4n was dissolved in N, N'- 
dimefliylacetamide and was cooled to 0 "C in ice battL Triethylamine (1. 1 eq) and Cldoroacetylchloride (0.44 ml. 
5.5 mmol) were added. Tlie reaction mixture was stirred at room temperature under nitrogen over night Solvent 
was evaporated under reduced pressure and the resulting brown residue was added water and 10% NaHCOs. 
SoUd was coUected by filtration to yield l.OSg (84 % yield). Mp = 287-290 "O, 'H NMR (DMSO-rfg) 5 300 MHz 
11.81(8, IH), 10.94(5, IH), 8.66(d, J=8.39, IH), 8.3 l(d, J=7.63, IH), 8.20(d, J=8.01, IH), 7.96(t, J=7.82, 7.44, 
IH), 7.77(m, 2H), 4.42(s. 2H). Anal Calcd. for C^HioClNjOz: C, 58.5; H, 3.5; N, 14.6; CI, 14.6. Found: C, 58.5; 
H, 3.6; N, 14.6; a 14.6. 




11a 

General procedure for the amination of chloride 10. Amination was carried out in a similar manner 
to 8a-r. NRi = dlmethylaminoacetyl (11a). mp = 195-198 °C; 'H NMR (DMSO-rfg) 5 300 MHz 7.87(d, J = 
7.44Hz, IH), 7.76(d, J = 7.82Hz, IH), 7.56(t, J = 7.24, 7.25Hz, IH), 7.47(m, 2H), 7.06(d, J = 8.96Hz, IH), 4.15(s, 
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2H), 3.00(s, 6H). Anal Calcd. for Ci6Hi6N402(1.7 HjO) (L2HCI): C, 50.8; H, 5,5; N, 14.8; CI, 11.3. Found: C. 
50.8; H, 5.5; N. 14.7; CI, 11.2. 
O 



lib 

NRi = piperidinylacetyl (lib), mp = 175-180 °C; 'H NMR (DMSO-rfe) 5 400 MHz 8.03(bd. J = 
5 8.33Hz, IH), 7.90(6, J= 8.09Hz, IH). 7.66(t, J = 7.33, 7.32Hz. IH). 7.59(4 J= 7.83Ife, IH), 7.54(t. J = 7.58. 
7.33Hz, IH), 7.22(d, J=.8.59Hz, IH). 4.12(s, 21^. 3.63(s, 2H), 3.13(s, 2H),1.86(m, 6H). Anal Calcd. for 
C,9H2oN4Q2(2 H2O) (HCl): C, 54.4; H. 6.3; N, 13.4; CI, 8.4. Found; C, 54.2; H, 6.0; N, 13.1; CI. 8.6. 



NR2 = pyrrolydylpiperidinylace^yl (He). 300 MHz 7.61 (m, 2H), 7.47 (t, J = 9Hz, IH), 7.38 (m, 2H), 



10 6.90 (d, J= 9Hz, IH), 3.68 (m, 2H), 3.50 (s, 2H), 3.33 (m, 4H), 2.68 (m, 2H), 2.39 (m, 31^, 1.87-2.12 (m, 6H). 
Anal Calcd. for C23H27N50i(2 H2O) (HCl): C, 57.8; H, 6.8 N, 14.7. Found: C, 57.8; H,6.7 N, 14.6. 

NRj = 2^ tetrahydropyridine (lid). MS (ES-) = 333. 

NRi = isoindole (He). MS (ES-) = 369. 

NIE^ = dipaqrlamine (llf). MS (ES-) 407. 
15 NB3»N-methylanisole(llg).MSCBS-)«387. 




O 




20 



NR3 = N-methylbenzylamine (ilhX MS ^S-) - 371. 
NI^ = N-benzyl-N-phenetiiylaiiiine (Hi). M5 (BS-) » 461. 
MBb>N-hydnn7et]iylpiperazine(llj). MS(ES-)«38L 
NR2 = N^N-dlpropylanUne (Ilk). MS (ES-) = 351. 
N»2 = 4-oxopiperidlne (111). MS (ES-) = 349. 
NR2 = N,N-dibutyIaniine (11m). MS (ES-) = 379. 
NR2- morpholine (lln). MS (ES-) = 337. 
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NR2 = imidazole (llo), MS (ES-) = 318. 



Scheme 8-5. Amide derivatives of aniline 4£ 



O 



O 



o 



0 




CI 




^ I) o 



HNR2, K2C03 




o 



5 



4f 



12 



H 

13a<| 



Chloride 12. The diloride 12 was synthesized identicaay to chloride 10. 'HNMR (d^DMSO, 
300MHz): 11.81 (bs, IH), 10.94 (s, IH), 8.66 (s. IH). 8.31 (s. IH^, 8.20 (d, IH). 7.94 (t, IH), 7.77 (m, 2H), 4.44 
10 (8.210. 

General procedure for the amination of chloride 12. The aminadon was carded out in a manner 
similar to amination of chloride 10 stated above. 
O 



(d, J = 7.63Hz, IH), 7.70 (d, J = l.lOHz). 7.63 ft J - 7.05, 7.63Iis, IH), 7.50 (t, J = 7.06, 7.82lfc, 11©, 7.40 (d, J 
= 2.29Hz, IH), 4. 16 (s, 2E0. 3.03 (s. 6H). 




13a 

M^^dunethylamme hydrochloride (13a). 'HNMR (DjO.SOOM^): 7.82 (d, J = 7.44m, 1H),7.76 




-67- 



wo 02/44183 



PCT/USOl/44815 



NR2 = piperidine hydrochloride (13b). 'HNMR (D20, 300MHz); 400 MHz 8.03 (bd, J = 8.33H2, IH). 
7.90 (d, J = 8.09Hz, IH). 7.66 (t, J= 7.33, 7.32Hz, IH), 7.59 (d. J = 7.83Hz, IH), 7.54 (t, J = 7.58, 7.33Hz, IB), 
7.22 (d, J = 8.59Hz, IH), 4.12 (s, 2H). 3.63 (s;2H), 3.13 (s, 2H), 1.86 (m, 6H). 



NR2 = pyroUylpiperidinc (13c). ^HNMR (D2O, 300MHz) 5 7.48 (d, J = 9Hz, IH), 7.31 (d, J = 9Hz, 
IH), 7.29 (m, 2H), 7.17 (t. J = 9Hz, IH). 6.99 (s, IH), 3.58 (s, 2H), 3.43-3.31 (m, 5H), 3.22 (m, 2H), 2.91 (m. 
2H), 2.74 (m, 2H), 2.48 (s, 6H), 2.14 (m, 2H), 1.89- 1.65 (m, 6H). Anal Calcd. &r CTsHaNsC^a H2O) (2 
MsOH): C, 50.2; H, 5.9 N, 11.7. Found: C, 50.2; H.6.0 N, 11.6. 

NK» - N-isopropylpiperidine (13«^). 'HNMR (D20, 300MHz) 5 300 MHz 7.78 (d, J = 9Hz, IH), 7.60 
(m, 3H), 7.50 (t. J = 9Hz. IH), 7.23 (s, IH). 3.74 (m, 31^, 3.47 (s. 2^, 3.40 (m. 4H). 2.90 (m, 2H), 1.55 (d, J = . 
6Hz. 6H). Anal Calcd. &rC2,H25Ns02(2J5520)(lHCl):C,55.4;H. 6.5; N. 15.4. Found: C. 55.4; H,6.6; N, 

15.4. 



NR2 = aminoethylpyrrolidine (13e). MS (ES+) = 366.35. 

NR2 = 2-aininopropyl-N-me«iylpyrroIidine (13f). MS (ES+) = 394.41. 

NR2 = o-aminoethylpyridine (13g). MS (ES+) = 374.30. 

NR2 = m-ammoethylpyridiiie (13h). MS (ES+) = 374.25. 

NR2 = N-bemqrlpiperazine (13i). MS OES+) = 428.42. 

NI^ = aminoeth^orphiriine (l^j). MS OBS+) - 382.32. 

Nit = NJ?-dietl^ethylenediaiiiine (13lt). (ES+) = 368.31. 

NRj" NJ?-dimethylefliyleneffiamuie (13p. MS = (ES+) = 340^1. 

Nib " N^-diethylpropylenediamine, (13m). MS (ESrh) = 382.41. 

NRi = N^,N-4riniethylpropylenediamine (13n). ^B CES+) = 368.32. 

NR2 = homopiperazine (13o). MS (ES+) = 352.23. 

NR2= N-mcthylpipcrazine (13p). MS (ES+) = 352.32. 

NR2 = piperonylpiperazlne (13q). MS CES+) = 472.44. 

NR2 = aminoethylpyiTolidin-2-one (13r). MS S+) = 394.40. 

NR2 = aminoethylpiperidine (13s). MS (ES+) = 380.32. 



O 




13c 
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Scheme 9-5. Alternate synthesis of amines 4a-x. 




4 

5 General alternate synthesis of amines 4a-x (example 4i), The proposed synthesis bdow would be 

more amenable to scale up. The boronic ester 14 can be made on a large scale (20 according to the literature 
reference (Etiistensen, J. et al. Org. LetL 2001, 3(10), 1435-1437). This synthesis cuts oCf one step, flie LDA 
cydization since the reduction/cyclization should work m the same step. 

Synthesis of nitro chloride 15. The boronic ester 14 (16.0 g, 61.0 mmol), dinitro chloride 2g (1 1.7 g, 

10 61 mmol) and potassium carbonate (21 g, 152 aunol) were dissolved in toluene/EtOH (20: 1, 300 mL). This 

mixture was evacuated and refilled several times with nitrogen. Then, tetrakis-paUadiumtriphenylphosphine (--2 
g) was added followed by heating the mixture to 80 °C overnight The reaction was then concentrated in vacuo 
and partitioned between EtOAc (200 mL) and H2O (200 mL). The organic layer was dried with sodium sulfate 
and concentrated in vacuo. The crude residue was chroinatographed using a gradient system (5% 

15 EtOAc/Hexanes-> 20% EtOAc/Hexanes). The final product (Rf = 0.3, 10% EtOAc/Hexanes) was isolated as a 
low melting solid/foam (7.12 g, 38%). Another 1.3 g (7.0%) of a mixture of isomers (other isomer Rf= 0.25, 10% 
EtOAc/Hexanes) was isolated firom the column. 'HNMR (CDCI3, 300 MEIz) 8 8.40 (d, IH), 8.14 (d, IH), 7.65 (t, 
IH), 7.55 (m, 2H), 7.32 (d, IH), 4.16 (q, 2H), 1.19 (t, 3H). 

Synthesis of Diamine 16. The chloride 14 (7.12 g, 23.2 mmol) was dissolved in DCM (250 mL). 

20 Diisopropylethylamine (3.3 g, 25.5 mmol) was added to this solution followed by N-methylpiperazine (4.6 g, 46.4 
mmol). This mixture was stirred ovemi^t until complete conversion of the chloride was evident by TLC (Rf of 
diamine = 0. 1, EtOAc). The reaction was worked up by extraction with water (2 x 100 mL). The organic layer 
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was dried with sodium sulfate and concentrated in vacuo to yield the cnide dianaine 16 (6.56 g, 77%). ^HNMR 
(CDCI3, 300 MHz) 5 8.32 (d, IH), 8.07 (d, IH), 7.58 (t, IH), 7.48 (t, IH), 7.26 (d, IH), 6.60 (d, IH), 4.13 (q, 2H), 
3.73 (t, 4H), 2.46 (t, 4H), 2.33 (s, 3H), 1.13 (t, 3H). 

Reduction/cyclization to form (4i)» The crude diamine 16 was dissolved in MeOH (300 mL), Wet 

5 Raney nickel was added (500 mg, catalytic amount) followed by dropwise addition of hydrazine hydrate (4.1 g, 
82nimol). The mixture was heated to reflux and monitored by TLC until completi(m(appr^ The 
product Rf value was 0 . 1 in 1 0% MeOH/EtO Ac. The Ran^ nickel was then filtered oEF and the filtrate was 
concentrated and suspended in 1 N HCl/EtOAc (150 mL/100 mL) and the solid that resulted was filtered off and 
triturated with 50 mL of CH3CN and filtered. The resulting light yellow solid was dried under high vac for 2 h to 

10 yield 4.1 g (84% yield) of GPI 16539. 'HNMR (DMSO-d^, 300 MHz) 5 11.50 (bs. IH), 8.67 (d, IH), 8.28 (d, 
IH), 7.88 (t, IH), 7.69 (t, IH), 7.58 (4 IH), 7.15 (d, IH), 3.58 (t, 4H), 2.46 (t 4H), 2.24 (s, 3H). 

Mesylate salt formation (4!'). A solution of the diamine 41 (2.85 g, 9.7 mmol) in 500 mL dry THF was 
added methanesulfonic acid (0.65 mL, 10 mmol). The reaction mixture was stirred under N2 at room temperature 
overnight Off white solid was coUected by filtration and washed with ether. The solid was vacuum dried to yield 

15 3.2 g (85% yield). 

Example 6 

Compounds of the following general fornmla II-6 may be synthesized, for example, by the following 

methods. 

O 

R3 

20 n-6 

Scheme 1-6 
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a-BronuHt-amiiiopyridine (1). 4-Aiiiinopyiicline (3.0g, 31.9 mmol) was dissolved in 100 mL of DCM and 60 
mLCHaCN. Bromine (5. 1& 3 1.9 mmoOvras added to fliis solution dropwise and flies^^^ Sodium 
carbonate (6.2g, 73.8 mmol) was added to the mixture andfte reaction was stirred ovetnigliL TLC (EtOAc) analysis of the 
reaction mixture showed two major spots, tiHe higher running was 4-amino-3.5-dibromopyridine and the lower running one 
was the desired ipoduct (Rf = 0.4, EtOAc). The reaction mixture was filtered and the filtrate was concentrated and 
chromatogiaphed on a minimum amount of silica gel to yield 1.4 g (26%) of the desired product 'H NMR (CDCfe): 5 8.39 
(s. IH). 8.10 (d, IH), 6.60 (d, IH), 4.74 (bs, 2H). 

N^Sf-diisopropylbenzamide-boronic add (2). Diisopropyl ben2amide (lO.Og, 48.7 nunol) was dissolved in 200 
mL of dry THF. This reaction was placed under inert atmosphere and cooled to -78 "C nrButyl lithium (20.5 mL, 2.5 M) 
was added dropwise over a 15 minute period. This reacti<m mixture was stined at fliis temperature for 4 b wifli a 
noticeable precipitation of the Uthium salt Trimetho^^borane (5.8 mL, 5 1.2 mmol) was added dropwise ov« a 10 minute 
period and flie reaction was wanned to room temperature and stirred overnight The reaction mixture was poured onto 300 
g of ice and allowed to warm to room tanpetature. This mixhire was partitioned in a separately fennel and flie aqueous 
layer was extracted once with 100 mL of DCM. The organic layer was acidified with cone. HCl and extracted with DCM 
(3x100 mL). The combined organic liters wwe dried and concentrated in vacuo. The residual foam was dried on high 
vac for several hours. The resulting material, 5.8g (48%) was the desired product 2 as characterized spectroscopicaUy 



-71- 



wo 02/44183 



PCT/USOl/44815 



(cisitrans amide): NMR (CDCI3): 5 8,04 (d, 0.7H), 7,94 (d, 0.3H), 7.35 (m, 3H), 4.11 (m, 0.7H), 3.74 (m. 0.3H), 3.54 
(m, 0.3H5, 3.37 (m, 0.7H). 1.57 (d, 1.8E[», 1.26 (m, 6H), 1.08 (d, 4.2H). 

2*(4-aiiimo-3*pyridinyl)-N^-bis(l-methylethyObe (3). The bromopyridme 1 (1.4 g, 8.1 mmol), 

boronic add 2 (2.0 8.9 mmol) and potassium carbonate (2.2 g, 15.9 mmol) were dissolved in 80 mL toluene, 8 mL EtOH 
5 and 8 mL HzO. This mixture was evacuated and refilled with nitrogen several times. Then, tetrakistriphenylphosphine 
palladium (0) (350 mg, 0.30 mmol) was added to the mixture and the mixture was heated to 80 °C overnight Water (100 
mL) was then added to the leaction and the oiganic layer was partitioned. The aqueous layer was extracted with EtO Ac (2 
X 100 niL) and the combined oiganics were dried with Na2CQ3 and concentrated. The crude reaction product was 
triturated with diethyl ether (25 mL) and filtered. The resulting solid (2.0 g, 83%) was collected and characterized as the 

10 biphenylamine3. ^HNMR(a)Cl3):5 8.17(d, IH), 8,03 (s, IH), 7.45 (m. 2H5, 7.25 (m, 2ED, 6.55 (d, IBO, 4.50 (bs, 
3.61 (m, IH), 3.31 (m, IH), 1.49 (d, 3H), 1.16 (d, 3H), 1.03 (d, 3H). 0.83 (d, 3H). 

beiizoIcll,6-napthyridine-6-(5H)-one (4). A solution of lithium diisopropyl amide (LDA, 2.0 M, Aldrich, 10 
mL) was dissolved in 90mL of THF and cooled to -78 A solution of amine 3 (2.0 g, 6.73 mmol) in THF (25 mL) was 
added to the LDA dropwise over a 15 minute period. The reaction was warmed to room temperature and stirred overnight 

15 The reaction was concentrated in vacuo and suspended in 100 mL water. The solid was filtered ojBf and triturated with 
ethyl acetate (lOOmL). The resulting solid was dried to yield 1.24 g (94%) of the desired compound 4. An analytical 
sample can be obtained by reciystallization with copious .amounts of methanol. NMR (DMSO): 5 9.57 (s, IH), 8.65 (d, 
IH). 8.50 (d, IH), 8.33 (d, IH), 7.90 (t. IH), 7.71 (t, IH), 7.28 (d, IH). Anal Calcd. for CnHgNiO: C, 73.46; H, 4.11; N, 
14.28. Found: C, 73.53; H, 4.26; N, 14.37. 

20 

Example 7 

The following general formulas I-7a and I-7b may be synthesized, for example, as follows. 

25 

O 

N=s^ R2 

I-7a 




Scheme 1-7 Synthesis of IinidazoIobeiiz-l,3,4-triazepm-S-one 

30 
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Synthesis of Z^Diaminobenzoic Add Methyl Ester (2). 2-Animo-3-iiitro benzoic acid methyl ester 1 
(1,0 g, 5. 1 nunol) and palladium on caibon (10 %, 0.5 g) were mixed in E«3H (20 mL) and were hydrogenated at 
15 psifbr 1 h. The cataljst was filtered a£f and the ffltrate was concailialed in vacuo. The resulting solid was 
5 driedtogive0J3g(86%)ofpure2:lHNMR(CDa3)87.47(d,lH.J=8.0Hj5) , 6.85 (d, 1 H, /= 6.5 Hz) , 

6.60 (1; IH, /= 8.0 Hz) , 3.87 (s, 3E). 

Syndesis of BenzuiiidazoIe-7-Carboqrlic Add Methyl Ester (R^ » H) (3). Ester 2 (1.7 g, 10.2 
mmol), trie%l orflwfbnnate Gt.5 mL) andp-toluenesuWsnic add (10 mgj) were mixed in Terfoimance FhuT 
(3M Co., 40 mL) and refluxed with reversed Dean-Staik trap at 90°C for 3 h. The reaction mixture was cooled to 
10 foomlBn^)eratureandthesolidformedwasfatered,washedwithhexanesanddriedtogive 1.65 g (92%) of pure 

3: 1h NMR (DMSO-rfg) 8 12.59 (br.s, IH), 8.32 ( s. IH). 7.97 (d, IH. 7- 8.0 Hz) , 7.86 (d, IH, 7= 6.5 Hz) , 

7.32 (tl . IH, /= 8.0 Hz), 3.95 (s, 3H). 

Synthesis of BeiizlmidazoIe-7-Carboxylic Add Hydrazide (R^ = H) (4). Benzimidazole ester 3 (1.65 

g. 9.36 mmol), hydiazme monoiqrdrate (10 mL), and water (3 mL) were refluxed in EtOH (60 mL) for 24 hs. 
15 Reaction mixture was cooled to room temperature and solid formed was filtered, washed wifli EtOH and dried to 

give 1.13 g (68%) of pure 4: ^H NMR (DMSO-<%) 8 12J1 (brs, IH), 10 .59 (s, IH), 8.44 (s, IH), 7.86 (d, IH, J 

= 6.5 Hz) , 7.76 (d, IH, J= 8.0 Hz) , 7.3 4 (t, IH, J= 8.0 Hz), 4.68 (s, 2H). 

Synthesis of ImidazoIobenz-i;JATrlazephi-5-one (R^ = R^ = BT) (5). Hydrazide 4 (0.25 g, 1.42 

mmol) and diethoxymethylacetate (10 mL) were mixed and r^uxed for 3 h. The reaction mixture was cooled to 
20 room temperature, and the resulting white solid was filtered, washed wifli hexanes (10 mL) and dried to give 
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0.109 g (42%) of pure 5: mp = 266-2680C; % NMR (DMSO-rfg) 5 12.80 (br.s, IH), 9.45 (s , IE), 8.35 (s, IH), 
7.93 (d, la 8-0 Hz) , 7.89 (d, 1 H, J= 8.0 Hz) , 7.42 (t, IH, J= 8.0 Hz). 

Example 8 

5 

Compounds of the following general formula 1-8 may be synthesized, for example, by the following 

methods. 

O 




10 Scheme 1-8 




A solution of metlq^l indole-7-caAoxylate (0.56 g, 3.2 mmol), 1, in dry DMF (4 mL) was added 
15 diopwise to a stirred ice-cooled suspension of sodium hydride (0. 18 g of an 60% dispersion in mineral oil. 4.5 
mmol) in dry DMF (3 mL) under a N2 atmosphere. After the addition, the mixture was stirred at 0 ° C for 3 0 min, 
flien bromoacetonitrile (0.31 mL, 4,5 mmol) was added dropwise. The resulting mixture was stirred at room 
temperature overnight, then poured into ice-water, and extracted with eOxyl acetate. The organic phase was 
washed with water, brine, dried over sodium sulfate, and concentrated in vacuo to give a residue, which was 
20 purified by flash column chromatography (silica gel; hexanes/ethyl acetate, 8 :2) to give compound 2 (0. 18 g, 

26%) while recovering some starting material 1 (0.25 g). *H NMR (400 MHz, CDCI3) of 2: 7.90 (dd, IH), 7.83 
- (dd, IH), 7.21 (t, IH), 7.11 (d, IH), 6.67 (d, IH), 5.51 (s, 2H), 4.00 (s, 3H). 

A solution of compound 2 (0. 10 g, 0.47 mmol) m MeOH (20 mL) was hydrogenated over platmum oxide 
(Pt02, 10 mg) at 40 psi of H2 for 15 h at room temperature. The catalyst was filtered on Cdite, and the filtrate was 
25 concentrated in vacuo. The residue was purified by flash chromatography (silica gel; ethyl acetate/acetone, 9: 1) 
to yield the title compound 3 (43 mg,49%).MS: (MH-1): 187. ^H NMR (CDCb, 400 MHz) 8.13 (dd, IH), 7.84 
(dd, IH), 7.25 (t, IH), 7.10 (d, IH), 6.85 (s. br, IH), 6.62 (d, IH), 4.45 (m, 2H), 3.82 (m, 2H). Anal: Calcdfor 
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(C11H10N2O + 0.11 EtOAc): C, 70.14; H, 5.60; N. 14.30. Found: C, 70.53; H, 5.65; N, 14.74. MP: 164 - 16rC. 
Physical Fonn: Off white solid 

Example 9 

Compounds of the fbUowing general fbmula n-9 may be made, fijr example by the Mowing general 

scheme. 



o 




Schanel-9. Gmeral sgmfliesis of 4-azapheiiaiithridones 14 




Synttiesis of aniline 13. This coupling procedure was similar to the synfliesis of amines 3a-c. Yield= 
13%; 'HNMR (PMSCW& 300 MHz) 5 7.95 (m, IH). 7.44 (m, 2H), 7.29 (m, 2H). 6.58 (m, 2H), 5.49 (bs. 2H). 
3.56 (m, IH), 3.29 (m, IE), 1-39 (d, 3H), 1.05 (d, 3H). 0.93 (d. 3H). 0.64 (d, 3H). 

Cyclization of aniline 13 to form 4-azaphenanthridone 14. The cyclization was carried out in a similar 
mannerto compound 4a. Yield = 76 %; MS (ES+) = 197.21; 'HNMR (DMSO-rffi. 300 MHz) 5 12.05 (bs. IH). 
8.85 (d. IH), 8.56 (d. IH), 8.51 (d, IH), 8.37 (d, IH). 7.91 (m. IH). 7.71 (t, IH), 7.33 (m. IH). AnaL Calcdfer 
C,2HgN20: C, 73.46: H, 4.07: N, 14.12. Foun± C, 73.06: H, 4.07: N, 14.12. 

Example 10 

Compounds of Ihe following genoal formulan-10 may be made, for example by the following general 

scheme. 
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Scheme MO. General Synthesis of 3-azaphenanthridones. 



o 




17 

HCI 
O 




lodopyridine 16. The 3-<Pivaloylammo)pyridine 15 (L9 g, 11 mmol) and tetiamethyletfaylene-Kliamine 
(4.0 mL, 26 mmol) were dissolved in dry THF (60 mL) and cooled to -78"C. While maintaining the temperature 
between -78 **C and -65 nBuLi (2.5 M solution in hexanes, 10.6 mL, 26,5 mmol) was added dropwise. The 

10 reaction was allowed to wann to -10 °C for 2 h, and then cooled back down to -78 °C Iodine (6.73 g, 26.5 mmol) 
dissoved in diy THF (20 mL) was added slowly. After stirring for 2 h at -78 the reaction was quenched with 
ice. Excess iodine was destroyed with addition of saturated potassium thiosulfete solution. The product was 
extracted with CH2CI2, and the organic layers were washed with brine. The mixture was concentrated in vacuo to 
a black oil which was chromatographed (1:1 EtOAc/Hexanes; 2:1 EtOAc/Hexanes) to give 700 mg (23%) of 2.2- 

15 dimethyl-iV-(4-iodo-3-pyridinyl)propanamide as a yellow solid. 'HNMR (DMSO-^fe 300 MHz) 5 9.24 (s, 1 H), 
8.35 (s, 1 H), 8.04 (d, 1 H), 7.95 (d, 1 H), 1.26 (s, 9 H). MS (ES+) = 305. 

Bis amide 17. The 2,2-dimethyl-iV-(4-iodo-3^yridiityl)propanamide (700 mg, 2.3 mmol) and 2- 
diisopropylbenzamide boionic acid (1.3 g, 5.2 mmol) were dissolved in DME. 
20 Tetrakis(tiipheiiylphosphine)palladium (133 mg, 0.11 mmol) and 2 M sodium caibonate solution (2.2 mL) were 
added. The reaction was refluxed at 83 '^C for 18 h. The mixture was concentrated in vacuo^ extracted with 
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EtOAc, washed with brine and dried with sodium sulfate. The crude oil was chromatographed (CH2CI2, l%-5% 
MeOH/CHzCy to obtain 2-[3-(2,2-dimethyl-propionylaniino)-pyridin-4-yl]-7\r, iV-diisopropylbenzamide as a 
white soUA ^HNMR (DMSO-rf6, 300 MHz) 5 9.08 (s, 1 H), 8,64 (s, 1 H), 8.43 (d, 1 H), 7.58-7.48 (m, 2 H), 7.40 
(dd, I H), 7.33 (d, 1 H), 7.24 (dd, 1 H), 3.53 - 3.36 (m, 2 H), 1.38 (d, 3 H), 1.01 (d, 3 H), 0.97 (s. 9 H), 0.91 (d, 3 
5 H), 0.77 (d, 3 ED; MS (ES+) = 382. 

Synthesis of 3-az2qpheiuuithridone 18. All of 2-[3K2,2<Klimethyl-propionylaimno)-pyrid]n'4-yl] N- 
diisopiopylbenzamide fiom the previous step was carried on and dissolved in methanol (20 mL). Concentrafied 
HCl (1 mL) was added, followed by 24 h of refluxiog. A white solid whidi precipitated out of solution was 
filtered and dissolved in H2O. After 15 niinutesafstining, the fiee base crashed out of solution. Thesolidwas 
10 filtered and dried, providing 150 mg 03% for two steps) of the desired final product as a white solid = 303 - 
309*»C; *H1SIMR pMSO-rf& 300 MIfc) 5 8.70 (s, 1 H), 8.60 (d, 1 H), 8.41 (t, 2 B), 8.31 (d, 1 H), 7.95 (t, 1 H), 
7.80 (t, 1 H); C,2HiN2(>(0.3H2O)-(0.2ClH). Anal: Calcdfor: C. 68.99; H, 4.25; N, 13.41. Found: Q 68.83; H, 
3.99; N, 13.26. 

15 Example 11 

Compounds of the general formula I-3c m^ be made, for example by the following general scheme. 




20 3-chloromethyi-2-methyIbenzo[blthiophene 1 To a solution of chloromethyl methyl ether(30.0 g) in 

dichloroethane (250 mL) was added 2-methylbenzothiophene (2.0 g, 0.014 mol) and ZnCl2 (200 mg). The 
resulting mixture was stirred for Ih. The reacdon mixture was poured mto water and exb:acted with cUonvforn^ 
The organic layer was dried QAgSOA) and concentrated to afford the compound 1 (2.4 g, 90% yield) which was 
used directly in next step. 

25 3-AcetoiiitriI-2-methylbeiizo[b]thiophene 2 To a solution of 1 (L4 g, 7.7 mmol) in benzene (10 mL) was 

added NaCN (2.5 g) in water (10 mL) and tetrabulylammonium bromide (7.7 mmol). The solution was 
vigorously stirred at 60 T for 2 h. The reaction mixture was poured into water, and extracted wifli benzene. The 
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organic layers were dried (MgSO-,), filtered, and concentrated. The puiiBcation via column chromatography (2% 
EtO Ac in hexanes to 10%) afford the compound 2 as an white solid (1.07 g, 74% yield): 'HNMR (CDCaa) 5 7.77 
(d, J= 8.0 Hz, IH). .7.67 (d, /= 8.0 Hz, IH). 7.41 (dt, /= 1.0, 7.0, 8.0 Hz, IH). 7.33 (dt. 7 = 1.0, 7.0, 8.0 Hz. IH), 
3.81 (s,lH), 2.58 (s,lBO. 

3-Ethylamioo-2-metlqrIbeiizo[b]tIiiophene hydrogen chloride 3 To a stirring solution of LAH (IN in 
EtA 5.13 mL, 5.13 mmol) in Et20 {20 mL) was added AlCb (684 mg. 5. 13 mmol) gtadually un(ter N2 at r.t 
After 5 min, a sototion of 2 (960 m& 5.13 mmol) inEt2D (10 mL) was added dropwise in 10 mia The resulting 
mixture was refluxed ovemigjht. After the reaction, the reaction mixture was cooled to r.t, neutralized with a 20% 
aqueous solution of RocheUe's salt, extracted with EtOAc. The organic layers were dried (NaiSO^), filtered, and 
concentrated. The resulting.residue was disolved in MeOH (15 mL) and 4N HCl solution in 1,4-dioxane (2.5 mL) 
was added dropwise. Solvent was removed and the resulting product 3 as an white solid (1. 16 g. quantitively) 
was used direcfly in the next step: 'HNMR (CDsOD) 5 7.64 (d, J= 8.1 Hz, IH), 7.59 (d, J= 7.8 Hz, 1^, 7.25 (dt, 
y= 1.0, 7.1, 8.1 Hz, IH), 7.16 (dt. J= 1.0, 7.1. 8.1 Hz, IH), 2.94-3.09 (m. 4H), . 

Methyl [2-(2-methylbcnzo[blthien-3-yl)ethylJ-carbaiaate 4 To a suspension of 3 (1.16 g, 5.13 mmol) in 
CHjCb (30 mL) was added methyl dhloraformat (0.43 mL. 5.5 mmol) andEtjN (2.1 mL, 15.3 mmol) undorNj at 
r.t Tlie resulting mixture was stirred continuously overnight After the reaction, water was added, and extracted 
with C^^CI^ Hie organic layers were dried (MfeS04). filtered, and concentiated. Purificatitm via column 
chromatogrsphy (10% EtOAc in hexanes to 20%) afifoided tte compound 4 as an white soUd (1.0 g, 79% yield): 
'HNMR(CDCl3)57.74(d,J=7.8Hz, 1H),7.65 (d,/=7.8Hz. IH), 7.84 (dt J= 1.3,8.3,7.1.6.8.8.1Hz, IH), 
7.26 (dl,/- 1.3, 8.1, 6.8, 7.1, 8.3, IH), 3.67 (s, 3H), 3.39 (q, J= 6.8, 13 Hz, 2H), 3.01 (t 7.1, 6.8 Hz, 2H), 
2.50 (s, 3H). 

4,5-Dlhydro-2-methylthieno[4^,2-ef]l2]benzazepin-6(3H)-one 5 A mixture of 4 (170 mg, 0.68 mmol) and 
PPA (1 mL) was heated at 180 °C for 2h. Then the reaction mixture was cooled to r.t, and water was added. The 
resulting mixture was neutralized to pH ~ 5 with 3N aq. NaOH solution, and exbacted with EtOAc. The organic 
layers were dried (MfeS04), filtered, and concentrated. The purification via column ehromatogi^y (2% MeOH 
in CHaCW aEfoided the compound 5 as an yellow solid (20 mg, 14% yield): mp 195-197 "C; 'HNMR (CDCI3) 5 
8.21 (dd,y- 1.0, 7.6 Hz, IH), 7.91 (dd, J- 1.0. 7.8 Hz, IH), 7.37 (t J= 7.6, 7.8 Hz, IH), 3.60 (q. J- 5.6, 9.6 Hz, 
2H), 3.01-3.08 (m, 2H), 2.48 (s; 3H); MS: 218 (ES*); Anal. Calcd. fi)r C.zHnNOS: C, H, N. 

Example 12 

Compounds of the general formula I-ll. may be prepared as follows: 
Pr^aration of 2,7-Dihydro-l,2,7,8-tetraa2a-benzo[c<flazulen-6-one 
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2,7-Dihydro-l A7,8-tetraaza- 
beDZo[c^azulen-6»one 

Scheme above illustrates schematicaUy the preparation of desired PARP inhibitor 2,7-dihydro-l,2,7,8- 
tetraaza-benzo[cef|aziilen-6-one starting from the commercially available indole-4-carboxylic acid methyl ester. 

5 3-Formyl-lH-indazole-4-carboxylic add mefhyl ester: Methyl indole-4*carboxylate (4.0 g, 22.85 

mmol) was suspended in acetic acid (60 mL). The mixture was cooled down to 10 degrees Celsius. It was stirred 
and added sodium nitrite (32 45.71 mmol). The reaction was slowly promoted to rt for Ih. After this period, 
flie reaction solvent was evaporated to dryness. It was washed with water (300 mL) and extracted with EtOAc 
(3x150 mL). Ilie organic layer was washed with brine, dried in MgS04, and concentrated. The crude mixture 

10 was purified by silica gel column eluted wifli 40% EtOAc in Hexane to give the desired indole-3-caiboxaIdehyde- 
4-mefliy ester (Rf =0.4, 40%EtOAcinHex), (0.40 g , white solid). NMR (d-6 DMSO) d 14.50 (bs, IH), 10.33 
(s, IH), 7.94 (d, IH, J = 8.39 Hz), 7.68 (m, IH), 7.58 (t, IH, J - 7.25 Hz), 3.87 (s, 3H). 

2,7-Dihydro-l,2,7,8-tetraaza-benzo[cdlazulen-6-one: 3-Formyi-lH-indazole-4-carboxylic acid methyl 
ester (0. 10 g, 0.53 mmol) was suspended in EtOH (6 mL). The nuxture was added 5 drops of hydrazine. It was 

15 stirred and refluxed for 5 h. The product was forming as it precipitated in the hot solution. The reaction was 
cooled down to room temperature. The product was collected by vacuum filtration with no j&irther purification 
(0.025 g, white solid). *H NMR (d-6 DMSO) d 13.4 (bs, IH), 11,01 (s, IH), 7.87 (s, IH), 7.70 (d, IH. J = 8.20 
Hz), 7.67 (d, IH, J = 7.06 Hz), 7.54 (t, IH, J = 8.20 Bz), Anal Csfl^A-lHzO. 

20 Other manners, variations or sequences of preparing the compounds of the present invention will be 

readily apparent to tihose of ordinary skill in the art 

The compounds of the present invention may be useful in the free base form, in the form of base salts 
where possible, and in the form of addition salts, as well as in the free acid form. All these forms are within the 

25 scope of this invention. In practice, use of the salt form amounts to use of the base form. Pharraaceutically 

acceptable salts within the scope of this invention are those derived from mineral acids such as hydrochloric acid 
and sulfuric acid; and organic acids such as ethanesulfonic add, benzenesulfonic add, p-toluenesulfonic add, and 
the like, giving the hydrochloride, sulfonat€» ethanesulfonat^ benzenesulfonate, p-toluenesuKbnate, and the like 
respectively, or those derived from bases such as suitable organic and inorganic bases. Examples of 

30 pharmaceutically acceptable base addition salts with compounds of the present invention include organic bases 
which arfe nontoxic and strong enough to form such salts. These organic bases and the use fliereof are readily 
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understood by those skilled in the art. Merely for the purpose of illustration, such organic bases may include 
mono-, di-, and trialkylamines, such as methylamine. diethylamine and triethylamine; mono-, di-, or 
trihydroxyalkylamines such as mono-, di-, and triettianolamine; amino acids suchas arginine, and lysine; 
guanidine; N-methylglucosamine; N-methylgiucamine; L-glutamme; N-methylpipeiazine; morpholine; 
5 ethylenedianane; N-benzylphenethylamine; tris(hydn)xymethyi)antinoethane; and the like. 

The acid addition salts of the basic compounds may he prq)aiedby dissolving flie fiee base of the 
compounds off the present mvention in aqueous or aqueous alcohol solution or other suitable solvents containing 
the appropriate acid or base and isolating the salt by evaporating the solution, or by reacting the free base of a 
compound of the present invention with an acid as well as reacting a compound of the present invention having an 
10 acid group thereon with a base such that the reactions are in an organic solvent, in which case the salt separates 
directly or can be obtained by concentration of the solution. 

The compounds of tiiis invention contain one or more asymmetric carbon atoms. Therefore, tiie invention 
includes tiie individual stereoisomers and mixtures thereof as well as tiie racemic compounds. Ihe individual 
isomers may be prepared or isolated by methods known in the art 
15 The compounds of the mvention ejdiibit pharmacological activity and are, therefore, useful as 

pharmaceuticals. In particular the compounds esdiibit central nervous and cardiac vesicular system activity. 

Other variations and modiiBcations of flhis invention using the synthetic pathways described above wiU be 
obvious to those of ordinary skill in the art 

Methods of Using the Compounds of the Livention 
20 Tte compounds of the present invention can treat or prevent tissue damage resulting from cell damage or 

death due to necrosis or apoptosis; can ameliorate neural or cardiovascular tissue damage, including that 
following focal ischemia, myocardial infarction, andreperfusion injury; can treat various diseases and conditions 
caused or exacerbated by PARP activity; can extend or Increase the lifespan or proliferative capacity of cells; can 
alter tiie gene expression of senescent ceUs; and can radiosensitize ceUs. Generally, inhibition of PARP activity 
25 spares flie cells from energy loss, preventing in the case of neural cells, irreversible dqwlarization of flie neurons, 
. and tiius, provides neuroprotectilon. While not being bound to my one particular theory, it is thought that PARP 
activation may play a common role in still other excitotoxic mechanisms, perhaps as yet undiscovered, in addition 
to the production of free radicals and NO. 

For the foregoing reasons, the present invention further relates to a method of administering a 
30 . tiierapeutically efiFective amount of the above-identified compounds in an amount sufficient to inhibit PARP 
activity, to treat or prevent tissue damage resulting from cell damage or death due to necrosis or apoptosis, to 
effect a neuronal activity not mediated by NMD A toxicity, to effect a neuronal activity mediated by NMDA 
toxicity, to treat neural tissue damage resulting from ischemia and reperfusion injury, neurological disorders and 
neurodegenerative diseases; to prevent or treat vascular stroke; to treat or prevent cardiovascular disorders; to treal 
35 other conditions and/or disorders such as age-related muscular degeneration, AIDS and otiier immune senescence 
diseases, inflammation, gout, arthritis, atherosclerosis, cachexia, cancer, degenerative diseases of skeletal muscle 
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involving replicative senescence, diabetes, head trauma, immune senescence, inflammation, gout, inflammatoiy 
bowel disorders (such as colitis and Crohn^s disease), muscular dystrophy, osteoarthritis, osteoporosis, chronic 
and/or acute pain (such as neuropathic pain), renal Mure, retinal ischemia, septic shock (such as endotoxic 
shock), and skin aging; to extend the lifespan and proliferative capacity of cells; to alter gene expression of 

5 senescent cells; or to radiosensitize hypoxic tumor ceUs. The present invention also relates to treating diseases 
and conditions in an animal which comprises adniinistering to said animal a therapeutically effective amount of 
the above-identified compounds. 

In particular, the present invention relates to a method of treating, preventing or inhibiting a neurological 
disorder in an animal, which comprises administering to said animal a therapeutically effective amount of the 

10 above-identified compounds. In a particularly preferred embodiment, tiie neurological disorder is selected from 
tiie group consisting of peripheral neuropathy caused by physical injury or disease state, traumatic brain injury, 
physical damage to the spinal cord, stroke associated with brain damage, focal ischemia, global ischemia, 
reperfusion injury, demyelinating disease and neurological disorder relating to neurodegeneratioa Anoflier 
preferred embodiment is when ttie reperfusion injury is a vascular s&oke. Yet another preferred embodiment is 

15 when the peripheral neuropatiq^ is caused by GuillainrBarresyndro StiU another preferred embodiment is 
when the demyelinating disease and neurological disorder relates to neurodegeneration. Another preferred 
embodiment is when the reperfusion injury is a vascular stroke. Still another preferred embodiment is when the 
demyelinatibag disease is multiple sclerosis. Another preferred embodiment is when the neurological disorder 
relating to neurodegeneration is selected from the group consisting of Alzheimer's Disease, Parkuisorfs Disease, 

20 and amyotrophic lateral sclerosis. 

Yet another preferred embodiment is a meUiod of treating, preventing or inhibiting a cardiovascular 
. disease m an animal, such as angina pectoris, myocardial infarction, cardiovascular ischemia, and cardiovascular 
tissue damage related to PARP activation, by administering to said animal an effective amount of the compounds 
of the present inventioiL 

25 The present invention also contemplates the use of compounds of formulas I, I-1, 1-2, Ma, I-3b, I-3c» I- 

3d, I-3e, 1-4, n-5, n-6, 1-7a, I-7b. 1-8, n-9, H-IO, I-l 1 or 1-12 fer inhibiting PARP activify, for treating, preventing 
or iiihibiting tissue damage resulting firom cell damage or death due to necrosis or apoptosis, for treating, 
preventing or uihibiting a neurological disorder in an animaL 

In a particularly preferred embodunent, tiie neurological disorder is selected fi^om flie group consisting of 

30 peripheral neuropathy caused by physical injury or disease state, traumatic brain injury, physical damage to flie 
spinal cord, stroke associated with brain damage, fecal ischemia, gl6bal ischemia, reperfusion injury, 
demyelinating disease and neurological disorder relating to neurodogeneratiort 

Anotiier prefened embodiment is when the reperfusion injury is a vascular stroke. Yet anotiier preferred 
embodiment is when tiie peripheral neuropatiiy is caused by Guillain-Barre syndrome. Still anotiier preferred 

35 embodiment is when flie demyelinating disease is multiple sclerosis. Anotiier preferred embodiment is when the 
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neurological disorder relating to neurodegeneration is selected fiom the group consisting of Alzheimer's Disease, 
Paridnson's Disease, and amyotrophic lateral sclerosis. 

The present invention also contemplates the use of compounds of farmula I, I-l, 1-2, 1-3a, I-3b, I-3c, I- 
3d, I-3e, 1-4, n-5, n-6. n-9, H-IO, I-7a, I-7b, I-ll or 1-12, or 1-8 in (he i«eparaliott of a medicament for the 
5 treatment of any of the diseases and disorders in an animal described herein. 

Tn a particular embodiment, the disease or disonier is a neurological disorder. 
In a particularly preferred embodiment, the neurological disorder is selected fiom the group consisting of 
peripheral neuropafliy caused by physical injury or disease state, tramnatic brain injury, physical damage to the 
spinal cord, stroke associated with brain damage, focal ischemia, global ischemia, reperfusion injury, 
10 demyelinating disease and neurological disorder relating to nemodegeneratioa Another preferred embodiment is 
when the reperfusion injury is a vascular stroke. Yet another preferred embodiment is when the peripheral 
rtsatopa&y is caused by GuiUain-Barre syndrome. 

Stm another preferred embodiment is when the demyelinating disease is multiple sclerosis. Another 
preferred embodiment is when the neurological disorder relating to neurodegeneration is selected fiom the group 
13 consisting of Alzheimer's Disease, Parkinson's Disease, and amyotrophic lateral sclerosis. 

The term "preventing neurodegeneration" includes the abiUly to prevent neurodegeneration in patients 
newly diagnosed as having a neurodegenerative disease, or at risk of developing a new degenerative disease and 
for preventing fiirther neurodegeneration in patients who are abeady suffering fiom or have symptoms of a 
neurodegenerative disease. 

The term "treatment" as used herein covers any treatment of a disease and/or condition in an animal. 

particulaity a human, and includes: 

(i) preventing a disease and/or condition fiom occurring in a subject which may be predisposed to the 
disease and/or condition but has not yet been diagnosed as having it; 

(ii) inhibiting the disease and/or condition, i.e., arresting its development; or 

(iii) relieving the disease and/or condition, i.e.. causing regression of the disease and/or condition. 
As used herein, the term "neural tissue damage resulting fiom ischemia and repeifiision mjury" mdudes 

neurotoxicity, such as seen in vascular stroke and global andfocal ischemia. As used herein, the term 
"neurodegenerative diseases." mcludes Alzheimer's disease, Parkinson's disease and Huntington's disease. 

The term "isdiemia" relates to localized tissue anemia due to obstruction of the mflow of arterial blood. 
Global ischemia occurs mider conditions in which blood flow to the entire brain ceases for a period of time, such 
as may result fiom cardiac arrest Focal ischemia occurs under conditions in which a portion of flie brain is 
deprived of its normal blood supply, such as may result fiom flmimboembolytic occlusion of a cerebral vessel, 
traumatic head mjury, edema, and brain tumors. 

The term "cardiovascular disease" relates to myocardial inferction, angina pectoris, vascular or 
35 myocardial ischemia, and related conditions as would be known by tiiose of skill in tiie art which invoWe 
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dysfunction of or tissue damage to the heart or vasculature, and especiaUy, but not limited to. tissue damage 

related to PARP activation. 

The term "radiosensitizer", as used herein, is defined as a molecule, preferably a low molecular wdght 
molecule, administered to animals in flier^tically rffective amounts to increase flie sensitivily of the cells to be 
ladiosensitized to electromagnetic radiation and/or to promote the treatmfflit of diseases which are treatable wi& 
electromagnetic radiation. Diseases which are beatable with electromagnetic radiation include neoplastic 
diseases, benign and malignant tumors, and cancerous cells. Electromagnetic radiation treatment of other diseases 
not listed herein are also contemplated by the present invention. The terms "electromagnetic radiation" and 
"ladiation" as used herein inchides, but is not limited to, radiation having the wavelength of lO'^ to 10" metCTS. 
Preferred embodiments of the present invention employ the electromagnetic radiation of: gamma-radiation (lO''** 
to 10-" m) x-ray radiation (lO " to 10'' m). ultraviolet light (10 nm to 400 nm), visible Ught (400 mn to 700 nm), 
infiared radiation (700 nm to 1.0 nun), or microwave radiation (1 mm to 30 cm). 

Compositions and Methods for Effecting Neuronal Activity 

Preferably, tiie compounds of tiie mvention inhibit PARP activity and, tiius, are believed to be usefiil ftr 
treating neural tissue damage, particularly damage resulting fiom cerebral ischemia and repeifiision mjnry or 
neurodegenerative diseases m animals. The term "nervous tissue" refers to die various coraponenis fliat make up 
the nervous system mdudmg, wiflmt limitation, neurons, neural support cells, glia, Schwann ceUs, vasculahoe 
contafaed witUn and supplying fliese structures, flie central nervous system, the bram, tiie bram stem, the spinal 
cord, flie junction of flie central nervous systrai witii tiie periphoal nervous system, flie periphoal nervous 
system, and allied structures. 

Furflier, according to tiie invention, an efifective therapeutic amount of tiie compounds and compositions 
described above are administered to animals to effect a neuronal activity, particularly one fliat is not mediated by 
NMD A neurotoxicity. Such neuronal activity may consist of stimulation of damaged neurons, promotion of 
neuronal regeneration, prevention of neurodegeneration and treatment of a neurological disorder. Accordingly, 
file present invention further relates to amefliod of effectinganeuional activity in an anirnal, comprising 
administering an effective amount of a compound of formula I, I-l. 1-2, 1-3a, I-3b. I-3c I-3d, I-3e, 1-4. n-5. n-6. 
n-9, n-10, 1-7a, I-7b, 1-8, 1-ll or 1-12 to said anunal. 

Examples of neurological disorders fliat are treatable by flie meflwd of using flie present mvention 
include, wifliout hmitation, trigeminal neuralgia; glossopharyngeal neuralgia; BeU's Palsy; myasflienia gravis; 
muscular dystroplQ^; anqratrophic lateral sclerosis; progressive muscular atrophy; ^gressive bulbar inherited 
muscular atrophy; herniated, ruptured or prolapsed invertebrate disk syndromes; cervical spondylosis; plexus 
disorders; flioracic outiet destruction syndromes; peripheral neuropaflues such as tiiose caused by lead, dapsone. 
ticks, porphyria, or Guillain-Barr^ syndrome; Alzheimer's disease; Huntington's Disease and Parkinson's disease. 

Hie metbod of tiie present invention is particularly useful for treating a neurological disorder selected 
from die group consisting of: peripheral neuropatiiy caused by physical injury or disease state; head trauma, such 
as traumatic brain injury; physical damage to tiie spinal cord; stroke associated widi brain damage, such as 
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vascular stroke associated with hypoxia and brain damage, focal cerebral ischemia, global cerebral ischemia, and 
cerebral reperfusion injuiy; demyelinating diseases, such as multiple sclerosis; and neurological disorders related 
to neurodegeneration, such as Alzheimefs Disease, Parkinsorfs Disease, Huntington's Disease and amyotrophic 
lateral sclerosis (ALS). 

5 Treating Other PARP«Related Disorders 

The compounds, compositions and meftods of the present invention are particulaiiy us^ for treating or 
preventing tissue damage resulting firom cell death or damage due to necrosis or s^soptosis. 

The compounds, compositions and methods of the invention can also be used to treat a cardiovascular 
disoider m an animal, by administering an effective amount of a compound of formula I, I-l, 1-2, 1-3a, I*3b, I-3c, 

10 I-3d, I-3e, 1-4, n-5, 0-6, n-9, H-IO, I-7a, I-7b, 1-8, 1-ll or 1-12 to ttie animal. As used herein, the term 

"cardiovascular disorders" refers to those disorders that can either cause ischemia or are caused by reperfusion of 
the heart Examples include, but are not limited to, coronary artery disease, angina pectoris, myocardial 
inferction, cardiovascular tissue damage caused by cardiac arrest, cardiovascular tissue damage caused by cardiac 
bypass, cardiogenic shock, and related conditions that would be known by those of ordinary skill in the art or 

15 which involve dysfunction of or tissue damage to the heart or vasculature, especially, but not limited to, tissue 
damage related to PAR? activation. 

For example, the methods of the invention are believed to be usefid for treatmg cardiac tissue damage, 
particularly damage resulting from cardiac ischemia or caused by reperfusion injury in animals. The methods of 
the invention are particularly useful for treatirig cardiovascular disorders selected fiom (he group consisting of: 

20 coronary artery disease, such as atherosclerosis; angina pectoris; myocardial in£arctior^ myocardial ischenua and 
cardiac arrest; cardiac bypass; and cardiogenic shock. The methods of the invention are particulariy helpful in 
treating the acute forms of the above cardiovascular disorders. 

Further, the methods of the mvention can be used to treat tissue damage resulting firom cell damage or 
death due to necrosis or apoptosis, neural tissue damage resulting jfrom ischemia and reperfusion injury, 

25 neurological disorders and neurodegenerative diseases; to prevent or treat vascular stroke; to treat or prevent 
cardiovascular disorders; to treat otiier conditions and/or disorders such as age-related muscular degeneration, 
AIDS and other immune senescence diseases, inflammation, gout, arthritis, atherosclerosis, cachexia, cancer, 
degenerative diseases of skeletal muscle mvolving repiicative senescence, diabetes, head trauma, munune 
senescence, inflammatory bowel disorders (such as colitis and Crohn's disease), muscular dystrophy, 

30 osteoarthritis, osteoporosis, chronic and/or acute pain (such as neuropathic pain), renal jGailure, retinal ischemia, 
septic shock (such as endotoxic shock), and skin agin^ to extend the lifespan and proliferative capacity of cells; 
to alter gene expression of senescent cells; or to radiosensitize tumor cells 

Further still, the methods of the mvention can be used to treat cancer and to radiosensitize tumor cells. 
The term "cancer" is interpreted broadly. The compounds of the present invention can be "anti-cancer agents", 

35 which term also encompasses "anti-tumor cell growth agents" and "anti-neoplastic agents". For example, the 

metiiods of the invention axe useful for treating cancers and radiosensitizing tumor cells in cancers such as ACTH- 
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producing tumors, acute lyiiq>hocytic leukemia, acute noolymphocytic leukemia, cancer of the adrenal cortex, 
bladder cancer, brain canoer» breast cancer, cervical cancer, chronic lymphocytic leukemia, chronic myelocytic 
leukemia, colorectal cancer, cutaneous T-cell lymphoma, endometrial cancer, esophageal cancer, Swing's 
sarcoma, gallbladder cancer, hairy cell leukemia, head & neck cancer, Hodgkin's lymphoma, Kaposi's sarcoma, 
5 kidney cancer, liver cancer, lung cancer (small and/or non-small cell), malignant peritoneal effusion, malignant 
pleural eSusion, melanoma, mesothelioma, multiple myeloma, neuroblastoma, non-Hodgkin's lymphoma, 
osteosarcoma, ovarian cancer, ovary (germ cell) cancer, prostate cancer, pancreatic cancer, penile cancer, 
retinoblastoma, skin cancer, soft-tissue sarcoma, squamous cell carcinomas, stomach cancer, testicular cancer, 
thyroid cancer, trophoblastic neoplasms, uterine cancer, vaginal cancer, cancer of the vulva and Wilm's tumor. 

10 The term "radiosensitizei'*. as used herein, is defined as a molecule, preferably a low molecular weight 

molecule, administered to animals in thei^eutically effective amounts to increase the sensitivity of the cells to be 
radiosensitized to electromagnetic radiation and/or to promote die treatment of diseases which are treatable with 
electromagnetic radiation. Diseases which are treatable with electromagnetic radiation include neoplastic 
diseases, benign and malignant tumors, and cancerous ceUs. Electromagnetic radiation treatment of other diseases 

15 not listed herein are also contemplated by the present invention. The terms "electromagnetic radiation" and 
"radiation" as used herein includes, but is not limited to, radiation having the wavelength of 10"^ to 10*^ meters. 
Preferred embodiments of the present mvention employ the electromagnetic radiation of: gamma-radiation (10*^ 
to 10'^^ m) x-ray radiation (10'" to 10'^ m), ultraviolet light (10 nm to 400 nm), visible light (400 ran to 700 nm), 
infrared radiation C700 nm to 1.0 mm), and microwave radiation (1 mm to 30 cm). 

20 Radiosensitizers are known to increase the sensitivity of cancerous cells to the toxic effects of 

electromagnetic radiation. Several mechanisms fi)r die mode of action of radiosensitizers have been suggested in 
die literature including: hypoxic cell radiosensitizers ( e.g., 2-nitroimidazole compounds, and benzotriazine 
dioxide compounds) promote die reoxygenation of hypoxic tissue and/or catalyze the generation of damaging 
oxygen radicals; non-hypoxic cell radiosensitizers (e.g,, halogenated pyrimidines) can be analogs of DNA bases 

25 and preferentially incorporate into the DNA of cancer cells and thereby promote the radiation-induced breaking of 
DNA molecules and/or prevent the normal DNA repair mechanisms; and various other potential mechanisms of 
action have been hypotiiesized for radiosensitizers in the treatment of disease. 

Many cancer treatment protocols cunentiy employ radiosensitizers activated by the electromagnetic 
radiation of x-rays. Examples of x-ray activated radiosensitizers include, but are not limited to, die following: 

30 metronidazole, misonidazole, desmethyhxusonidazole, pimonidazole, etaiudazole, nimorazole, mitomycin C, RSU 
1069, SR 4233, E09, RB 6145, nicotinamide, 5-bromodeoxyuridine (BUdR), 54ododeoxyuridine (lUdR), 
bromodeoxycytidine, fluorodeo?gairidine (FudR), hydroxyurea, cisplatixi, and therapeutically effective analogs 
and derivatives of the same. 

Photodynamic therapy (PDT) of cancers employs visible light as the radiation activator of the sensitizmg 

.35 agent. Examples of photodynamic radiosensitizers include the following, but are not limited to: hematoporphyrin 
derivatives, Photofrin, benzoporphyrin derivatives, NPe6, tm etioporphyrin SnET2, pheoborbide-a, 
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bacteriochlorophyU-a, naphthalocyanines, phtbalocyanines, zinc phthalocyanine, and therapeuticatty effective 
analogs and derivatives of the same. 

Radiosensitizers may be administered in conjunction with a therapeutically effective amount of one or 
more other compounds, including but not limited to: compounds which promote the incorporation of 

5 radiosensitizers to the target ceDs; compounds which control the flow of therapeutics, nutrients, and/or oxygen to 
flie target cells; chemotheiapeutic agents which act on the tumor with or witiiout additional radiation; or other 
ther^eutically efifective conq)Ounds for treating cancer or other disease. Examples of additional therapeutic 
agents that may be used in conjunction with radiosensitizers include, but are not limited to: 5-fluorouracil, 
leucovorin, 5' -amino-S'deoxythymidine, oxygen, caibogen, red ceU transfusions, perfluorocaibons (e.g., Huosol- 

10 DA), 2,3-DPG, BW12C, calcium channel blockers, pentoxyfylline, antiangiogenesis compounds, hydralazine, and 
LBSO, Examples of chemotherapeutic agents that maybe used in conjunction with radiosensitizers include, but 
are not limited to: adriamycin, camptothecin, carboplatin, cisplatin, daunorubicin, docetaxel, doxorubicin, 
interferon (alpha, beta, gamma), mterleukin 2, irinotecan, pacUtaxel. topotecan, and therapeutically effective 
analogs and derivatives of the same. 

Pharmaceatical Compositions of the Davention 

The present invention also relates to a pharmaceutical composition comprising (i) a therapeutically 
effective amount of a compound of formulal M, 1-2, 1-3a, Mb. I-3c I-3d, I-3e, 1-4, n-5, n-6, n-9, H-IO, I-7a, I- 
7b, 1-8, 1-l 1 or 1-12 and (ii) a pharmaceutically acceptable carrier. 

The above discussion relatmg to the preferred embodiments' utility and administration of the conqwunds 
20 of the present invention also applies to the pharmaceutical composition of the present inventioa 

The term "pharmaceutically acceptable carrier" as used herein refers to any carrier, diluent, excipient, 
suspending agent, lubricating agent, adjuvant, vehicle, deUvery system, emulsifier, disintegrant, absorbent, 
preservative, surfactant, colorant, flavorant, or sweetener. 

For these purposes, the composition of the invention may be administered orally, parenterally, by 
25 inhalation spray, adsorption, absorption, topically, rectaUy, nasally, bucally, vaginafly, mtraventricularly, via an 
implanted reservoir m dosage formulations containing conventional non-toxic pharmaceutically-acceptable 
carriers, or by any other convenient dosage form. The tenn parenteral as used herein includes subcutaneous, 
intravenous, mtramuscular, mtraperitoneal, mtiathecal, intraventricular, mtrastemal, and mtracranial mjection or 
infusion techniques. 

30 When administered parraiterally, the composition will normally be in a unit dosage, sterile injectable 

form (solution, suspension or emulsion) which is preferably isotonic with the blood of the recipient with a 
pharmaceuticaUy acceptable carrier. Examples of such sterile injectable forms are sterile injectable aqueous or 
oleaginous suspensions. These suspensions may be formulated according to techniques known in the art using 
suitable dispersing or wetting agents and suspendmg agents. The sterile injectable forms may also be sterile 

35 injectable solutions or suspensions in non-toxic parenterally-acceptable diluents or solvents, for example, as 

solutions in 1,3-butanediol. Among the acceptable vehicles and solvents that may be employed are water, salme. 
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Ringed s solution, dextrose solution, isotonic sodium chloride solution, and Hanks' solution. In addition, sterile, 
fixed oils are conventionally employed as solvents or suspending mediums. For this purpose, any bland fixed oil 
may be employed including synthetic mono- or di-glycerides, com, cottonseed, peanut, and sesame oil. Fatty 
acids such as ethyl oleate, isopropyl myristate, and oleic acid and its glyceride derivatives, including olive oil and 
5 castor oil, especially in their polyoxyethylated versions, are useful in the preparation of injectables. These oil 
solutions or suspensions may also contain long-chain alcohol diluents or dispersants. 

Sterile saline is a preferred canier, and the compounds are often sufficiently water soluble to be made up 
as a solution for all foreseeable needs. The carrier may contain minor amounts of additives, such as substances 
that enhance solubility, isotonicity, and chemical stability, e.g., anti-oxidants, buffers and preservatives. 
10 Formulations suitable for nasal or buccal administration (such as self-propelling powder dispensing 

formulations) may comprise about 0.1% to about 5% w/w, for example 1% w/w of active ingredient. The 
formulations for human medical use of the present invention comprise an active ingredient in association with a 
pharmaceutically acceptable carrier therefore and optionally other therapeutic ingredient(s). 

When administered orally, the composition will usually be formulated into unit dosage forms such as 
15 tablets, cachets, powder, granules, beads, chewable lozenges, capsules, Uquids, aqueous suspensions or solutions, 
or similar dosage forms, using conventional equipment and techniques known in die art Such formulations 
typically include a solid, semisolid, or liquid carrier. Exemplary carriers include lactose, dextrose, sucrose, 
sorbitol, mannitol, starches, gum acacia, calcium phosphate, mineral oU, cocoa butter, oU of theobroma, alginates, 
tragscanth, gplatin, syrup, methyl ceUulose, polyoxyetiiylene sorbitan monolaurate, methyl hydroxybenzoate, 
20 propyl hydroxybenzoate, talc, magnesium steaiate, and the like. 

The composition of flie invention is preferably administered as a capsule or tablet containing a single or 
divided dose of the inhibitor. Preferably, the composition is administered as a sterile solution, suspension, or 
emulsion, in a single or divided dose. Tablets may contain carriers such as lactose and com starch, and/or 
lubricating agents such as magnesium stearate. Capsules may contain dHuents including lactose and dried com 
25 starch. 

A tablet may be made by compressing or molding the active ingiediait optionally with one or more 
accessory ingredients. Compressed tablets may be prepared by compressinfe in a suitable machine, the active 
ingredient in a ftee-flowing form such as a powder or granules, optionally mixed wifli a bmder, lubricant, uiert 
diluent, surface active, or dispersing agent Molded tablets may be made by molding in a suitable machme. a 
30 mixture of ttie powdered active ingredient and a suitable carrier moistened wifli an inert Uquid diluent 

The compounds of fliis uivention may also be administered rectally in the form of suppositories. These 
compositions can be prepared by mixing the drug with a suitable non-irritating excipient which is solid at room 
temperature, but Uquid at rectal temperature, and, therefore, will melt in tiie rectum to release the drug. Such 
materials include cocoa butter, beeswax, and polyethylene glycols. 
35 Compositions and methods of tiie invention also may utilize controlled release technology. Thus, for 

example, die mventive compounds may be incorporated into a hydrophobic polymer matrix for controlled release 
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over a period of days. The composition of the inventioa may then be molded into a soUd implant, or exteniaUy 
applied patch, suitable for providing efficacious concentrations of the PARP inhibitors over a prolonged period of 
time without the need for frequent re-dosing. Such controlled release films are weU known to the art Particularly 
preferred are transdermal deUvery systems. Other examples of polymers commonly employed for this purpose 
5 fliat nKQT be used in Ihe present hwenti(m include nondegradable ^lene-viiorl acetate copolymer an degradable 
lactic acid-glycoUc acid copotymers which taay be used extemalty or internally. Certain hydrogels such as 
poly(hydroxyethylmethaciylate) or poly(vinylalcohol) also may be useful, but fcr shorter release cycles than the 
other polymer release systems, such as diose mentioned above. 

In a preferred embodiment, the carrier is a solid biodegradable polymer or mixture of biodegradable 
10 polymers with appropriate time release characteristics and release kinetics. The composition of the invention may 
dien be molded into a soUd implant suitable for providing efiBcacious concentrations of tiie compounds of tiie 
invention over a prolonged period of time witiiout flie need for frequent le-dosing. The composition of tiie present 
invention can be incoipoiated into tiie biodegradable polymer or polymer mixture ia any suitable manner known 
to one of ordinary skill in tiie art and may form a homogeneous matiix wifli the biodegradable polymer, or may be 
15 encapsulated in some way witiiin flie polymer, or may be molded into a solid implant 

Di one Mnbodiment the biod^radable polymer or pobmer mixture is used to ferm a soft "depof 
containing tiie phannaceutical composition of flie present mvention that can be administered as a flowable Kquid, 
fbr example, by injection, but whidi remains sufficientty viscous to maintain flie pharmaceutical composition 
wiflun the localized area around flie injection site. The degradation time o£ tiie depot so formed can be varied 
20 from several days to a ffew years, depending upon tiie polymer selected and its molecular weight By using a 
potymer composition in injectable form, even tiie need to make an incision may be eliminated. In any event, a 
flexible or flowable delivery "depot" will adjust to flie shape of tiie space it occupies witii tiie body witii a 
minimum of tiauma to surrounding tissues. The pharmaceutical composition of tiie present invention is used in 
amounts fliat are flierapeuticaUy effective, and may depend upon flie desired release profile, flie concentration of 
25 die pharmaceutical composition required for flie sensitizing eflfect and die lengfli of time fliat flie pharmaceutical 
composition has to be released for treat ment 

The PARP hihibitors are used m the composition m amounts that are thee^)eutically effective. The 
compositions may be sterilized and/or contain adjuvants, such as preserving, stabilizing, welling, or emulsi^g 
agents, solution promoters, salts for regulating flie osmotic pressure, and/or bufiBas. In addition, fliey may also 
30 contain otter fliei^euticaUy valuable substances. The compositions are piqiared according to conventional 
mixing, granulating, or coating mefliods, and contain about 0.1 to 75%by weight, preferably about 1 to 50% by 
weight, of flie active ingredient 

To be effective therapeutically as central nervous system targets, tiie compounds of flie present mvention 
should readily penetrate tiie blood-brain barrier when peripheraUy administered. Compounds which cannot 
35 penetrate flie blood-brain barrier can be effectively admmistered by an intiaventricular route or oflier appropriate 
delivery system suitable for administration to the brain. 
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Doses of the compounds preferably include phannaceutical dosage units comprising an eflBcacious 
quantity of active compound. By an efficacious quantity is meant a quantity sufficient to inhibitPARP and derive 
its beneficial effects through administration of one or more of the pharmaceutical dosage units. Preferably, the 
dose is sufficient to prevent or reduce the effects of vascular stroke or other neurodegenerative diseases. 

5 For medical use, the amount requked of the active ingredient to achieve a ther^)eutic effect will vaiy 

with the particular conq)Ound, the route of administration, the mammal under treatment, and the particular 
disoider or disease being treated. A suitable systematic dose of a compound of the present invention or a 
pharaiacologicaUy acceptable salt thereof for a mammal suffering fironi, or likely to suffer from, any of condition 
as described hereinbefore is in the rai^ge of about 0.1 mg/kg to about 100 mg/kg of the active ingredient 

10 compound, the most preferred dosage being about 1 to about 10 mg/kg. 

It is understood, however, that a specific dose level for any particular patient will depend upon a variety 
of factors including the activity of the specific compound employed, the age, body weight, general health, sex, 
diet, time of administration, rate of excretion, drug combination, and tiie severity of tiie particular disease being 
treated and form of administration. 

15 It is understood tiiat the ordinarily sSkiUed physician or veterinarian will readUy determine and prescribe 

the effective amount of the compound for prophylactic or tiherapeutic treatm^t of tiie condition for which 
tieatnient is administered. In so proceedin^^ the physician or veterinarian could employ an mtravenous bolus 
followed by an intravenous infusion and repeated administrations, parenteral^ or orally, as considered 
appropriate. While it is possible for an active ingredient to be administered alone, it is preferable to present it as a 

20 formulation. 

When preparing dosage form incorporating tiie compositions of tiie invention, tiie compounds may also 
be blended witii conventional excipients such as binders, including gelatin, pregelatinized starch, and tiie like; 
lubricants, such as hydrogenated vegetable oil. stearic acid, and tiie like; diluents, such as lactose, mannose, and 
sucrose; disintegrants, such as caiboxymetiiylcellulose and sodium starch glycolate; suspending agents, such as 
25 povidone, polyvinyl alcohol, and tiie like; absorbants, such as silicon dioxide; preservatives, such as 

methylparaben, propylparaben, and sodium benzoate; surfectants, such as sodium lauiyl sulfete, polysorbate 80, 
and the like; colorants such as F.D.& C. dyes and lakes; flavorants; and sweeteners. 

The present invention rebtes to flie use of a compound of formulas I, M, 1-2, 1-3a, I-3b, I-3c, I-3d, I-3e, 
1-4, II-5, n-6, n-9, n-10, 1-7a, I-7b, 1-8, 1-l 1 or 1-12 in the preparation of a medicament for tiie treatment of any 
30 disease or disorder in an animal described herein. 

PARP Assays 

ICso 

A convenient metiiod to determine IC50 of a PARP inhibitor compound is a PARP assay using purified 
recombinant human PARP from Trevigan (Gaitiiersburg, MD), as foUows: The PARP enzyme assay is set up on 
35 ice in a volume of 100 microUters consisting of 100 mM Tris-HCl (pH 8.0), 1 mM MgCh, 28 mM KCl, 28 mM 
NaCl, 3.0 |ig/ml of DNase I activated herring sperm DNA (Sigma, MO), 30 miaomolar pHJnicotinamide 
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adenine dinucleotide (62.5 mci/mmole), 15 nucrograms/mlPAKP enzyme, and various concentrations of the 
compounds to be tested. The reaction is initiated by adding en:^e and incubating the mixtiue at 25^C. Afler 2 
minutes of incubation, the reaction is tenninated by adding 500 microliters of ice cold 30% (w/v) trichloroacetic 
acid. The precipitate formed is transferred onto a glass fiber filter (Packard Unifilter-(iF/C) and washed three 
times vn± 70% ethanol. After the fillter is dried, the radioactivity is determined by scintfllation countiiig. The 
compounds of this invention were found to have potent enzymatic activity in the range of a few nM to 20 mM ui 
ICso in this inhibition assay. 

Using the PARP assay described above, approximate ICso (V^ values were obtained as shown in flie 
following Tible EI, which also include ^ecific embodiments of the compounds of the present invention: 
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Further compounds, which are exemplified embodiments of the present invention, include the following: 
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10 Focal cerebral iscliemia 

The following focal cerebral ischemia assay is useful for determining the PARP inhibiting effects of the 
compounds of the present inventioa The following examples demonstrate that compounds related to those of the 
present invention are effective in inhibiting PARP activity. 

Focal cerebral ischemia is produced by cauterization of the rig^t distal MCA (middle cerebral artery) 

15 with bUateial temporary common carotid artery occlusion in male Long-Evans rats for 90 minutes. All 
procedures performed on the animals are approved by the University Institutional Animal Care and Use 
Committee ofthe University of Pennsylvania. A total of42 tats (weights: 230-340 g) obtained from Oiarles 
River were used in this stucfy. The aninialsfested overnight with free access to water prior to flie surgical 
procedure. 

20 Two hours prior to MCA occlusion, varying amounts (control, n=14; 5 mg/kg, n=<7; 10 mg/kg, n=7; 20 

mg/kg, n=7; and 40 mg/kg, n=7) ofthe compound, 3,4-dihydro-5-[4-(l-piperidinyl)-butoxy]-l(2i50- 
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isoquinolinone ("DPQ") were dissolved in dimethyl sulfoxide (DMSO) using a sonicator. A volume of 1,28 
ml/kg of the resulting solution was injected intraperitoneally into fourteen rats. 

The rats were then anesthetized with halothane (4% for induction and 0.8%-1.2% fer the surgical 
procedure) in a mixture of 70% nitrous oxide and 30% o?^gen. The body temperature was monitored by a rectal 

5 probe and mamtained at 37.5 + 0.5''C with a heating blanket regulated by a homeothermic blanket control unit 
(Harvard Apparatus Limited, Kent, U.K.). A catheter (PE-50) was placed mto the tail artery, and arterial pressure 
was continuously monitored and recorded on a Grass polygraph recorder (Model 7D, Grass Instmments, (^uincy, 
Massachusetts). Samples for blood gas analysis (arterial pH. PaQ, and PaCQz) were also taken from the tail 
artery catheter and measured with a blood gas analyzer (ABL 30, Radiometer, Copenhagen, Denmark). Arterial 

10 blood samples were obtained 30 minutes after MCA occlusion. 

The head of the animal was positioned in a stereotaxic frame, and a right parietal incision between the 
right lateral canthus and the external auditory meatus was made. Using a dental drill constantly cooled with 
saline, a 3 mm burr hole was prepared over the cortex supplied by die right MCA, 4 mm lateral to the sagittal 
suture and 5 mm caudal to the coronal suture. The dura mater and a tiiin mner bone layer were kept, care being 

15 taken to position the probe over a tissue area devoid of large blood vessels. The flow probe (tip diameter of 1 
mm, fiber separation of 0.25 mm) was lowered to the bottom of the cranial burr hole using a micromanipulator. 
The probe was held stationary by a probe holder secured to the skull witii dental cement The microvascular 
blood flow in tiie right parietal cortex was continuously monitored with a laser Doppler flowmeter (FloLab, Moor. 
Devon, U.K., andPeriflux 4001, Perimed, Stockholm, Sweden). 

20 Focal cerebral ischemia was produced by cauterization of the distal portion of the right MCA with 

bilateral temporary common carotid artery (CCA) occlusion by the procedure of Chen et al., "AModel of Focal 
Ischemic Stroke in the Rat: Reproducible Extensive Cortical Inferction", Stroke 17:738-43 (1986) and/or Liu et 
al., "Polyethylene Glycol-conjugated Superoxide Dismutase and Catalase Reduce Ischemic Brain Injury", Am. J. 
Physiol 256:H589-93 (1989), both of which are hereby incorporated by reference. 

25 Specifically, bilateral CC As were isolated, and loops made from polyethylene (PE-10) catiieter were 

carefully passed around die CCAs for later remote occlusion. The incision made previously for placement of die 
laser doppler probe was e?rtended to allow observation of tiie rostral ^d of the zygomatic arch at die fusion point 
using a dental drill, and die dura mater overlying the MCA was cut The MCA distal to its crossing wifli the 
inferior cerAral vein was lifted by a fine staudess steel hook attached to a micromanipulator and, following 

30 bilateral CCA occlusion, the MCA was cauterized with an dectrocoagulator. The burr hole was covered with a 
small piece of Gelform, and die wound was sutured to maintain die brain temperature widun the normal or near- 
normal range. 

After 90 minutes of occlusion, the carotid loops were released, the tail arterial catheter was removed, and 
all of the wounds were sutured. Gentamicin sulfate (10 mg/ml) was topically applied to the wounds to prevent 
35 infection. The anesthetic was discontinued, and the animal was returned to his cage after awakening. Water and 
food were allowed ad libitum . 
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Two hours after MCA occlusion, the aoimals were given the same doses of the PARP inhibitor as in the 
pre-treatment Twenty-four hours after MCA occlusion, the rats were sacrificed with an intraperitoneal injection 
of pentobarbital sodium (150 mg/kg). The brain was carefully removed from the skull and cooled in ice-cold 
artificial CSF for five minutes. The cooled brain was then sectioned in the coronal plane at 2 mm intervals using 

5 a rodent brain matrix (RBM-4000C, ASI Instnmients, Wanen. Michigan). Hie brain sUces were moubated in 
phosphate-buffered saline containing 2% 2,3,5-triphenyltetrazoUum chloride (TTC) at 3rC for ten minutes. 
Color photographs were taken of the posterior surfece of the stained slices and were used to determine the 
damaged area at each cross-sectional level using a computer-based image analyzer (NIH Image 1.59), To avoid 
arti&cts due to edema, the damaged area was calculated by subtracting die area of the normal tissue in the 

10 hemisphere ipsilateral to the stroke from the area of the hemisphere contralateral to the stroke, by the method of 
Swanson et al., "A Semiautomated Method for Meiasuring Brain Infarct Volume", J. Cereb. Blood Flow MetaboL 
10:290-93 (1990), the disclosure of which is hereby incorporated by reference. The total volume of infarction was 
calculated by summation of the damaged volume of the brain slices. 

The cauterization of the distal portion of the right MCA with bilateral temporary CCA occlusion 

15 consistenfly produced a well-recognized cortical mfarct in the ri^t MCA territory of each test animal. There was 
an apparent uniformity in the distribution of the damaged area as measured by TTC staining in each group, as 
shown in Figure 1. 

In Figure 1» the distribution of the cross-sectional infirct area at representative levels along the 
rostrocaudal axis was measured firom the mteraural line m non-treated animals and in animals treated with 10 

20 rngfl^ of 3,4-dihydro-5-[4-(l-piperidirQrl)4)utox7l-l(2J3)-isoquinoli^^ The area of damage was expressed as 
mean ± standard deviation. Significant differences between the 10 mg-treated group and the control group were 
mdicated ( p<0.02, * p<0.01, "p<0.001). The 5 mg/kg and 20 mg/kg curves feU approximately halfway between 
the control and the 10 mg/kg curves, whereas the 40 mg/kg curve was close to the control. The 5, 20 and 40 
mg/kg curves were omitted for clarity. 

25 PARP mhibition led to a significant decrease in the damaged volume in the 5 mg/kg-treated group (106.7 

+ 23.2 mm\ p<0.001), the 10 mg/kg-treated group (76.4 ± 16.8 mm^ p<0.001), and the 20 mg/kg-treated group 
(1 10.2 ± 42.0 mm^ p<0.01), compared to the control group (165.2 + 34.0 mm^. The data are ejqpressed as mean 
+ standard deviatioa The significance of differences between groups was determined using an analysis of 
variance (ANO VA) followed by Students t-test for individual comparisons. 

30 There was no significant diGference between the control and the 40 mg/kg-treated group (135.6 ± 44.8 

mm^. However, there were significant differences between the 5 mg/kg-treated group and the 10 mg/kg-treated 
group (p<0.02), and between the 10 mg/kg-treated group and the 40 mg/kg-treated group OpO.Ol), as shown in 
Figure 2. 

In Figure 2, the effect of intraperitoneal administration of 3,4-dihydro-5-[4-(l-piperidinyl)-butoxy]- 
35 l(2/0-isoqumolinone on the infarct volume was depicted graphically. The volumes of infarct were expressed as 
mean ± standard deviation. Significant differences between the treated groups and the control group were 
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indicated ('p<0.01, *'p<0.001). It is not clear why a bi^ dose (40 mg/kg) of the PARP inhibitor, 3,4-dilqrdro-5-> 
[4-(l-piperidinyl)-butoxy]-l(27iO-isoquinolin0ne, was less neuroprotective. The U-shaped dose-response curve 
may suggest dual effects of the compound. 

However, overall, the in vivo administration of the inhibitor led to a substantial reduction in infarct 
5 volume in the focal cerebral ischemia model in the rat This result indicated that the activation of P AKP plays an 
important role in the pathogenesis of brain damage in cerebral ischemia 

The values of artaial blood gases (Fa02, FaCQz and pIQ were within the plq^siological range in the 
control and treated groups with no significant diSerences in these parameters among the five groups, as shown 
below in Table IV. A "steadty state" MABP was taken following completion of the surgical preparation, just prior 
10 to occlusion; an "ischemia" MABP was taken as the average MABP during occlusion. 

TABLE IV 



- 


Pa02 
(mmHg) 


PaCOz 
(mmHg) 


PH 


MABP (nun Hg)Stea«fy 
Ischemia State 


Control group (n=4) 


125+21 


38.6+4.6 


7.33± 0.05 


79±14 


91±13" 


5 mg/kg-treated group ' 
(n=7) 


126±20 


38.0 ±2.8 


7.36+0.02 


78±5 


91±12" 


10 mg/kg-treated 
group (n=7) 


125±16 


39.3 +5.2 


7.34 ±0.03 


80±9 


90+14" 


20 mg/kg-treated 
group (n=7) 


122+14 


41.3 ±2.8 


7.35 ±0.23 


79±10 


91+12" 


40 mg/kg-treated 
group (n=7) 

^ ' - * r^i 1 — 


137±17 


39.5 ±4,7 


7.33 ±0.24 


78±4 


88±12' j 



" = Significanfly different from the steady state value, p<0.05. 



= Significantly different from the steacfy state value, pO.Ol. 

15 There were no significant differences in any physiological parameter, including mean arterial blood 

pressure (MABP), prior to MCA and CCA occlusion among the five groups. Although MABP was significantly 
elevated following occlusion in all five groups, there were no significant differences in MABP during the 
occlusion period among the groups. 

Since the blood flow values obtained from the laser doppler were in arbitrary units, only percent changes 

20 from the baseline (prior to occlusion) were reported. Right MCA and bilateral CCA occlusion produced a 

significant decrease in relative blood flow in the right parietal cortex to 20.8 ± 7 J % of the baseline in the control 
groi^ (n=5), 18.7 ± 7,4 % in the 5 mg/kg-treated group (n=7), 21.4 ± 7.7 % in the 10 mg/kg-treated group (n=7) 
and 19.3 + 11.2 % in the 40 mg/kg-treated group (n=7). There were no significant differences in the blood flow 
response to occlusion among the four groups. In addition, blood flow showed no significant changes throughout 

25 the entire occlusion period in any group. 

Following release of the carotid occlusions, a good recovery of blood flow (sometimes hyperemia) was 
observed in the right MCA territory of all animals. Reperfiision of the ischemic tissue resulted m the formation of 
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NO and peroxynitrite, in addition to oxygen-derived free radicals. All of these radicals have been shown to cause 
DNA strand breaks and to activate PARP. 

This example provided evidence that the related compounds of the present invention are effective in 
inhibiting PARP activity. 

5 Exemplified compounds of the present invention may be tested for their ability to reduce focal cerebral 

ischemia in the following simplified procedure. Rats are allowed free access to water and rat chow (Wayne, 
Chicago, IL) until surgery. Housing and anesdiesta concur with guidelines established by the Lostitutional Ammal 
Studies Committee, and are in accordance with the PHS Guide for the Care and Use of Laboratoiy Animals, 
USD A R^ations, and the AVMA Panel on Euthanasia guidelines. 

10 The animals are anesthetized with isofluorane Onduction, 3%; maintenance, 1.25% in a mixture of 30% 

O2 and 70% NO2 through a face mask. The rectal temperature is maintained at 37 ^'C witii a homeothermic 
blanket (Harvard Apparatus, South Natick, MA). First, an iv catheter is inserted into the left femoral vein and the 
line run up tiirough the nape of the neck for connection to a tefliered swivel (Instech Laboratories, Plymoutii 
Meeting, PA) and remote infusion pump (Stoelting Inc., Wood Dale, IL). In some cases, tiie right femoral artery 

15 is cannulated for monitoring arterial blood pressure and heart rate and Ifor obtaining blood samples for arterial 
blood gas. 

The right middle cerd^ral artery ^CA) is then exposed by making vertical skin incision midway 
between tiie right eye and ear and overlying doiU is removed with a de^ 1986). Aftermdsion 

of the dura, the artery is coagulated at the level of the inferior cerebral vein with a bipolar cautery unit (Valleylab 
20 NS2000, Boulder, CO), and cut to prevent spontaneous reperfiision (Takahashi et al., 1997). Bofli common 
carotid arteries (CCAs) that had been previously isolated and freed of soft tissues and nerves are then ligated 
using non-tiaumatic aneurysm clips. After the wounds are closed with surgical clips, the animals are allowed to 
recover from anesthesia and returned to flieir cage which is wanned to 27*C wifli a heated water underpad and 
humidified warm tent 

25 The PARP inhibitor to be tested is first administered 30 mia after MCAO as an iv bolus, 10 mg/kg 

inftised over 5 min, followed by a 12 hr continuous infusion of 2 mg/kg/hr (0.3 DoJ/hr). Nmety mmutes after the 
MCAO. the animals are removed from the inftision tether, briefly reanesflietized wifli isofluorane, and the carotid 
clips are removed . The animal is returned to its warm cage and recormected to the iv urfiision pump for the 
duration of the experunent 

30 At 24 hrs after permanent MCAO, animals are sedated with ketamine and the heads removed by 

guillotine. Brains are removed, cooled in ice-cold saline, and sliced into 2 mm coronal sections using a rat brain 
malrice (Harvard Bioscience, Soufli Natick, MA). The brain slices are incubated in phosphate-buffered saline (pH 
7.4) containing 2% TTC at 3TC for 10 min. and then stored in 10% neutral-buffered formalin. Cross-sectional 
area of the TTC-unstained region for each brain slice is determined using an image analyzer (MetaMorph, 

35 Universal Imagmg Corp., West Chester, PA). The total volume of infarction in the right hemisphere is calculated 
by sununation of die direct (TTC-negative) and indirect measures of the infarct areas in the component brain 
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slices. The infercted volumes in vehicle and drag-teated groups (dfS) are tested for significant statistical 
difference using an unpaired Student-t test 

Various doses of the compounds of the invention may be tested in this model. The compounds are 
administered in either a single dose or a series of multiple doses, ip. or i.v., at different times, both before or after 
5 flie onset of ischemia Compounds of the invention are expected to provide protection from ischemia in the range 
ofabout0to80%. 

Heart Ischemia/Reperfiision Mjury 

The experiments ofthe heart isc*emiaAeper&sion injury model is pafcrmed using female Sprague- 
Dawley rats vveighing 250-300g which are anesthetized with sodium pentobarbital at dose of 65 mgflcg 
-10 mtraperitoneally. The rectal tempeiature is maintained at 3rc by using a homeothermicblari^^ (Harvard 
Apparatus, South Natick, MA). The trachea is cannulated and flie rat is ventilated witii Room Air by using 
Harvard Rodent Ventilator (Harvard Apparatus. Soufli Natick, MA). The left jugular vein is cannulated with PE- 
SO tubing for dnig deUvery. The right carotid artery is caraiulated for BP measurement. The heart is exposed by 
opening die chest at die 4*^ left intercostal space. A main left branch of coronary artery (LAD) is occluded by 4-0 
15 silk Ugature for 30 min of ischemia and released for 90 min of reperfusion. During tiie experiment, arterial BP and 
EKG are monitored by Micro-Med Cardiovascular System (Louisville, KY). 

At tiie end of reperfusion, die LAD coronary artery is re-occluded and about 2 ml of 5% Evans Blue dye 
is injected flirough i.v. line to distinguish the ischemic area from non-ischemic area of the heart Then the heart is 
immediately taken off and fiozen in Ae freezer. After at least 30 min of ft^^ 
20 sections with 2 mm fliickness and stained in 1% TTC solution for 30 min at 3rc, The right ventricle is trimmed 
off. Inferct area, risk area and total left ventricular area in each fece of 

analysis system (BIOQUANT, Nashville. TN). The inferct size is calculated as the percent total inferct volume of 
the total risk volume. 

For drug treated groiq), compounds are administered according to die following fliree protocols: I. Single 
25 doseof compound is given 60 min prior to die onset of ischemia tiiroughL p. injection. 2. Compound is delivered 

dirough i.v. bolus 1 min before die onset of ischemia foUowed by i.v. inftision until die end of reperfusion 3. 

Compound is deUvered dirough i.v. bolus 1 min before die onset of reperfusion foUowed by i.v. infusion until die 

end of reperfusion. For each drug-treated group, diere is a corresponding vehicle treated group widi vp6 or n=8. 

The difference between vehicle and drug treated groups is compared by using unpaired t-test widi p<0.05. 
30 Various doses of compounds are tested in diis model. The compounds are given in eidier single or multiple doses, 

i.p or i.v., at different times before or after the onset of ischemia. The compounds of diis invention are expected 

to have ischemia/reperfusion injury protection in die range of 10 to 40 percent in fliis assay. 

As a result of die PAR? inhibition activity, tiie compounds of diis invention are expected to protect 

against ischemia-induced degeneration of rat cortical neurons in vitro and thus may be usefid in disorders arising 
35 from cerebral ischemia such as stroke, septic shock, or CNS degenerative disorders. They may also be usefid in 

protecting die spinal cord following trauma. As an experimental result of ischemia/reperfusion injury in rats, die 
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present inventioa is further directed to a method of prophylactic or therapeutic treatment of heart attack* cardiac 
arrest cardiac bypass, diabetes, or risk of damage which comprises administering an effective amount of a 
compomid of the present invention for PARP inhibition in unit dosage form. 
In vitro Radiosensitization 

5 In vitro radiosensitization may be measured Tvitii die use of a human prostate cancer cell line, PC-3s, 

which are plated m 6 well dishes and grown at monolayer cultures in RFMI1640 supplemented with 10% PCS. 
The cells are maintained at 3TC in 5% C0% and 95% air. The cells are ^osed to a dose response (0. 1 mM to 
0. 1 \M) of 3 different PAKP inhibitors prior to irradiation at one sublethal dose level. For all treatment groups, 
the six well plates are exposed at room temperature in a Seifert 250kV/15mA irradiator with a 0.5 mm Cu/1 man. 

10 Cell viability is exammed by exclusion of 0.4% trypan blue. Dye exclusion is assessed visually by microscopy 
and viable cell number was calculated by subtracting the number of cells from the viable cell number and dividing 
by the total number of cells. Cell proliferation rates are calculated by the amount of ^-thymidine incorporation 
post-irradiatioa The PARP inhibitors are expected to radiosensitize the cells. 
Measuring Altered Gene Expression in mRNA Senescent Cells 

15 Gene expression alteration may be measured with human fibroblast BJ cells which, at Population 

Doubling (PDL) 94, are plated in regular growth medium and flien changed to low serum medium to reflect 
physiological conditions described in Linskens, et al.. Nucleic Adds Res. 23:16:3244-3251 (1995). A medium of 
DMEM/199 supplemented with 0.5% bovine calfserun^ is used. The cells are treated daily for 13 days. The 
control cells are treated wiA and without the solvent used to admimsfcer die PARP The untreated old 

20 and young control cefls are tested for comparisoBU RNA is preparedfirom the treated and control cells according 
to flie techniques described in PCT Publication No. 96/13610 and Northern blotting is conducted Probes ^ecific 
for senescence-related genes are analyzed, and treated and control cells compared. In analyzing the results, the 
lowest level of gene expression is arbitrarily set at 1 to provide a basis for comparison. Three genes particularly 
relevant to age-related changes in the skin are collagen, coUagenase and elastin. West, Arch. Derm. 130:87-95 

25 (1994). Elastin expression of the cells treated with the PARP inhibitor is expected to be significantiy increased in 
comparison with flie control ceils. Elastin expression should be significantiy higher m young cells compared to 
senescent cells, and thus treatment with the PARP inhibitor should cause elastin expression levels in senescent 
cells to (±ange to levels similar to those found in much younger cells. Similarly, a beneficial efTect should be 
seen in collagenase and collagen expression with treatment witii the PARP inhibitors. 

30 Neuroprotective Effects of PARP Inhibitors on Chronic Constriction Mjuxy (CCI) in Rats 

Adult male Sprague-Dawley rats, 300-350 g, are anestiietized wifli intraperitoneal 50 mg^g sodium 
pentobaibitaL Nerve ligation is performed by exposing one side of the raf s sciatic nerves and dissecting a 5-7 
mm-long nerve segment and closing with four loose ligatures at a 1.0-1.5-nmi, followed by implanting of an 
intrathecal catheter and inserting of a gentamicin sulfate-flushed polyethylene (PE-10) tube mto the subarachnoid 

35 space through an incision at the cistema magna. The caudal end of the catheter is gentiy threaded to the lumbar 
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enlargement and the rostral end is secured with dental cement to a screw embedded in the skull and the skin 
wound is closed with wound clips. 

Thermal hyperalgesia to radiant heat is assessed by using a paw-withdrawal test. The rat is placed in a 
plastic cylinder on a 3-mm thick glass plate wifli a radiant heat source from a projection bulb placed directly under 
5 file plantar sur&ce of the rat's hindpaw. The paw-withdrawal latency is defined as the time elapsed from the onset 
of radiant heat stimulation to withdrawal of the mts hmdpaw. 

Mechanical hyperalgesia is assessed placing the rat in a cage with a bottom made of perforated metal 
sheet with many small square holes. Duration of paw-withdrawal is recorded after pricking the mid-plantar 
Sixrbco of the rat*s hind^w with the tip of a safety pin inserted Orough the cage bottom. 
10 Mechano-allodynia is assessed by placing a rat in a cage similar to the previous test, and applying von 

Fiey filaments in ascending order of bending force ranging from 0.07 to 76 g to the mid-plantar surface of the rafs 
hindpaw. A von Frey filament is appUed perpendicular to the skin and depressed slowly until it bends. A 
threshold force of response is defined as the first filament in the series to evoke at least one clear paw-withdrawal 
out of five applications. 

15 Dark neurons are observed bilaterally within the spinal cord dorsal horn, particularly m laminae MI, of 

rats 8 dsys after unilateral sdatic nerve Ugation as compared with sham operated Variousdosesof PARP 
inhibitors are tested in this model and shown to reduce both mcidence of dark neurons and neuropafliic pam 
behavior in CQ rats. 

Treatment and prevention of gout and symptoms of gout 

20 Deposition of crystals of monosodium urate (MSU crystals) in the joint articular space is the etiological 

cause of inflammatory pathologies such as gout and pseudogout Clinically, these inflammatory diseases are 
associated with oedema and erythema of the joints with consequenfly severe paia A strong infiltration of 
leucocytes in the intraarticular and periarticular space leading to: 1) acute, episodic articular and periarticular 
mflammation, and 2) chronic articular changes, are also characteristic of this pathology. It has long been clear 

25 that neutrophils are the predominant cell type recovered from these inflammatory joints (Dieppe et al^ (1979). 
Synovial fluid ciystals. fi. /. Med, XLVnt 533-553; Terkletaub, (1991). Monocyte-derived neutrophil 
chemotactic factoi/uiterieukm-8 is a potential mediator of crystal-induced mflanunatioa ArUt, Rheum, 34: 894- 
903.). A better understanding of the inflammatory processes elicited by MSU crystals, and the feet that there is a 
clear relationship between these crystals and gouty arthritis, has prompted the characterisation of experimental 

30 models of crystal-induced inflammatioa Exarrq>les of models where crystal challenge has led to cell recruitment 
into specific cavities, are canine jomts (Phelps & McCarty, 1966, Ann Int Med. 9: 1 15-125), rat pleurisy 
(Deporter et al, 1979, Br. 1 PharmacoL 65: 163-165; Sedgwick et aL, 1985, Agents Actions 17: 209-213), and 
utilisation of a pre-formed rat air-pouch (Brookes et al, 1987). The latter experimental system has shown that 
neutrophil accumulation was related to generation of chemoattractants such as LTB4, which was subsequentiy 

35 inhibited by colchicine (Brooks et aL, 1987, Bn J. Pharmacol. 90: 413-419). 
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Neutrophfls have been shown to be activated by MSU crystals, releasing an array of mediators that may 
be, in part, responsible for the local and systemic inflammatory manifestations found in crystal-induced joint 
disorders. The crystals interact with neutrophils leading to the release of lysomal enzymes (Hoffstein et aL, 1975, 
Arth. Rheunt 18: 153-165), release of oxygen derived free radicals (Simchowitz etaL, 19S2, Arth, Rheum, 25: 

5 181-188; Abramsone/ai, Arthr Rheum, 25: 174-180), induction of phosphoUpase Az (PLA2) in leucocytes 
(Bomalaski etal,, 1990, 7. Immunol 145: 3391-3397), and activation of synthesis of 5-lipoxygenase products 
(Poubelle et al, 1987, Biochem. Biophys. Res, Commun. 149: 649-657). 

In vitro, MSU crystals have been shown to release the cytokine interieuldn-lB (JL-IS) from hmnan 
neutrophils, adding this stimulus to a list of others that also release diis cytokine, such as zymosan, LPS, phorbol 

10 esters, granulocyte macrophage-colony stimulating hormone (GM-CSF) and TNF-alpha Furthamore it has also 
been shown that human monocytes and synoviocytes can synthesise and release various cytokines such as IL-6 
and IL-8 (Gueme etaL, m%Arth, Rheum, 32: 1443-1452; Terkeltaub etaL, 1991, Arth. Rheum. 34: 894-903). 
In addition, colchicine selectively inhibits MSU crystal- and TNF-a induced release of IL-1J5 (Roberge et al, 
1994,7. Immunol 152: 5485-5494). 

15 In experimental models of gout the synthesis of a CXC chemokine selective for neutrophils, such as IL- 

8, has also been observed, but not that of a CC chemokme monocyte chemoattractant protein-1 (MCP-1) 
(Hachicha et al,, 1995, J, Exp, Med 182: 2019-2025). These results suggest that production of IL-8 and abolition 
of the release of MCT-l, will lead to an event where, theoretical^ there will be a recruitment of neutrophils but 
not mononuclear cells. This l^ofhesis is in accordance with flie pathological state of gout and pseudogout, vAlctq 

20 the pr^dnmiTiant mii^mm^tary cell is the neutrophil (Hachicha et aL 1995). In addition MSU crystal activation of 
mononuclear phagocytes, which are normally found in the joint space, also induces secretion of IL-8 (Terkeltaub 
etal, 1991). The importance of IL-8 in this pathology has been shown in synovial fluids of patients with acute 
gouty arthritis where it occurs in elevated amounts (Terkeltaub et al, 1991; di Giovine et al, 1991, J, Clin, Invest, 
87: 1375-1381). The use of a neutralising antibody against IL-8 has been shown significantiy to attenuate the 

25 crystal induced joint sweOing at 12 h and neutrophil infiltration into arthritic joints at 12 and 24 h in a rabbit 
model (Nishimurae^a/., 1997, J. Leukoc. Biol 62: 444-449). 

These studies demonstrate the importance of both the emigrating neutrophil and the chemokine IL-8, as 
well as the release of this and other cytokines from resident cells such as the synoviocytes, macrophages and mast 
cells in treating gout Since neutrophils are not present or are extremely rare in normal synovial fluid, enhanced 

30 neutrophil-endothelial adhesion is necessary for gout to occur (Tericeltanb, 1996, In. Koopman, W.J. editor. 

Arthritis and allied conditions: a textbook of rheumatology. Baltimore; Williams and WiDdns: pp. 2085-2 102, and 
Terkeltaub, 1992, In Inflammation. Basic Principles and Clinical Correlates, ed. by ILGallin, IM. Goldstein and 
ILSnyderman, pp 977-981, Raven Press. New York), IL-IB and TNF-alpha may be critical in mediating tiie rapid 
up-regulation of the major endothelial ligand for neutrophils. For instance rapid and prolonged expression of E- 

35 selectin in response to injection of urate crystals has been demonstrated in pig skin (Chapman et al , 1996, Br . J. 
Rheumatol 3S: 323-334). The release of cytokines, chemokines and products of the arachidonic acid cascade 
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system lead to the recruitment of neutrophils in this pathology, and inhibition of these leads to an attenuation of 
the pathology. 

The following gout model may be used to test a PARP inhibitor according to the present inventioa 
Male outbiead Swiss albino mice (20-22 g body weight) were purchased fiom BanCon and Kingsman 
5 (T.O. strain; Hull, Humberside) and maintained on a standard chow pellet diet with tap water ad libitum and a 
12:00 b light /dark cycle. All animals were housed for 1 week prior to experimentation to allow body weight to 
reach 28-30 g. 

I,llb-dihydioben2opyrano[4,3,2-^fe ]isoquinolin-l-one, as an example PARP inhibitor, was dissolved m 
100% DMSO at room temperature at a concentration of 45 mg in 2 ml. The compound was then mjected into the 

10 peritoneal cavity, so as each mouse received a single dose corresponding to 45 mg/2 ml/kg (e.g. 60 \xl for a mouse 
of 30 g). Control mice received DMSO at 2 ml/kg i.p. A third group of mice which were left untreated were 
added to control for potential effects of the vehicle. The study involved therefore, the following three groups: 
group A, untreated mice, n=6, group B, DMSO-treated mice, n«8, and group C, mice treated with 1,11b- 
dihydrobenzopyrano[4,3,2-<^e]isoquinolin-l-one, n=8 

15 MSU crystal-induced neutrophil recruitment was tested as follows. In. all cases, mice were treated 1 h 

after the treatment noted above, with MSU crystals. A homogenous suspension of MSU crystals was obtained by 
a 30 min rotatioa Peritonitis was induced by injection of 3 mg MSU crystals m 0.5 ml PBS (0. 1 M, pH 7.4), and 
the recruitment of neutrophils into the cavity evaluated at the 6 h time point (Getting et aL, 1997, J. Pharmacol 
Exp, Then 283: 123-130). Animals were then euthanised by CO2 exposure and the pmtoneal cavity washed with 

20 3 mlof PBS supplemented with 3 mMEDTA and 25 U/ml heparin. 

An aliquot (100 |il) of the lavage fluid was then diluted 1:10 in Turk's solution (0.01% crystal violet in 
3% acetic acid). The samples were then vortexed and 10 pi of the stained cell solution were placed in a Neubauer 
haematocymometer and neutrophils numbers counted using a light microscope (Olympus B061). CeU-free 
supematants have been prepared by centrifiigation and stored for potential future analysis. 

25 Data are shown for single mice, and also shown as mean ± S.R of (n) mice per group. Statistical 

differences were determined by ANO VA, plus Bonferroni test A P value <0.05 was taken as sigmficant 

TABLE V reports the number of neutrophils as measured 6 h post-MSU crystal injection in the three 
experimental groups. 
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TABLE V: 

Effect of 1, 1 lb-dihydrobenzopyTaQo[4,3^-^ Jisoquinolin-l-one on MSU ciystal induced neutrophil 
migration as evaluated at the 6 h time-point 



Mouse 


Group 


Neutrophil 


Group 


Neutrophil 


Group 


Neutrophil 


No. 




Numbers 




Numbers 




Numbers 


1 


A 


4.9 


B 


6.0 


C 


5.1 


2 


A 


5.4 


B 


6.6 


C 


2.1 


3 


A 


6.3 


B 


7.5 


C 


2.4 


4 


A 


6.9 


B 


7.8 


C 


2.4 


3 


A 


5.7 


B 


5.1 


C 


3.0 


6 


A 


6.0 


B 


5.7 


C 


3.0 


7 






B 


5.7 


C 


2.7 


8 






B 


6.0 


C 


2.1 



Legend: Mice were left untreated (group AX received vehicle DMSO (2 ml/kg i.p.; groiq) B) or 1,1 lb- 



5 dihydrobenzopyrano[4,3,2-& ]isoquinolin-l*one (45 mg/kg i.p.; groiq) Q, 1 h prior to peritoneal injection of 3 
mg MSU crystals at time 0. Neutrophil influx in the peritoneal cavity was measured at the 6 h time-point after 
collection of the lavage fluids and specific staining as described in the e^qperimental sectioa Values for 
neutrophil numbers are l(f per mouse. 

10 TABLE VI illustrates these data as mean ± SE. It can be seen that DMSO produced a modest not 

significant increase in cell migration (+7%). In contrast the exenq)laiy compound of the present invention , at the 
dose of 45 mg/kg, significantly reduced cell influx^ with a calculated 55% of uihibition vs. flie vehicle group. 

TABLE VI: 

15 Accumulation of datafor the effect of the exemplified compound of the present invention (means). 



Esperimental Group 


Stimulus 


Neutrophils 






(10* per mouse) 


A 


MSUacystals(3mg) 


5.87 i 0.28 (6) 


B 


MSU crystals (3 mg) 


6.30 ±0.33(8) 


C 


MSU crystals (3 mg) 


2.85 ± 0.34 (8) * 



Legend: as in TABLE IV. Values are mean d:S.E. of (n) mice per group. 
*P<0.05 vs. group B. 



These results demonstrate the compounds and compositions of the present invention may be useful in 
20 treating and/or preventing gout, such as by reducing or eliminating urate crystal induced neutrophil recruitment. 
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The invention being thus described, it will be obvious that the same may be varied in many ways. Such 
variations are not to be regarded as a departure firom the spirit and scope of the invention, and all such 
modifications are intended to be included within the scope of the following claims. All references cited herein are 
incoxporated in their entirety by reference hereia 
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We claim: 
1. A compound of the formula: 



Q 




I-3c 
whexe 

BisS,SOorS02; 

Ri is an optionally substituted alfcyl, alkeuyl, alkynyl, allroxy, carboxy, cycloalkyl, heterocycloalkyl, aiyl, 
hetbioaxyl, halogen, -CORg, where Rg is H, -OH, an optionally substituted alkyl, alkoxy, or -OR^ where Rg is 
hydrogen or an optionally substituted alkyl; and 
AisN,C,CHorCH2. 

2. A compound of claim 1, selected firom the group consisting of: 



o 




3. A compound of the formula: 



O 
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I-3d 

where 

R2 and R5 are, independently, optionally substituted alkyl, alkenyl, albynyl, alkoxy, caiboxy, cydoalkyl^ 
hetefocycloalkyl, azyl, heteroaryl; balogen, -COR^, where Ss is H, -0H» an optionally substituted alkyi, alkoT^r, or 
-OR6 where is indqiendently hydrogen or an optionally substituted alkyl; A is CH or GHz 

4. A compound of claim 3, selected fiom the group consisting of: 
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5. A compound of the formula: 



O 




whexe 

Ri, R2 andRs are, independenfly, optionally substituted allcyl, alkeoyl, allsynyl, alkoxy, caiboxy, cycloalkyl, 
heterocycloalkyi, aiyl, heteroaiyl, baloj^ amine, -CORs* where Rs is an optionally substituted alkyl» aryl or 
hetejpoaiyl. 

6. The compound of claim S selected fiom the group consisting of: 
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I-ll 
where 

R2 is halogen, amine, -CORg, where Rg is an optionally substituted alkyl, aiyl or heteroaiyl, or an optionaUy 
substituted alkyl, alkeayl, aUgnyl, alko;^, caiboxy, cycloalkyl, heteioc^cloalkyl, axyl or heteroaiyl; R4 are 
independentty hydrogen, halogen, or lower alkyl; and R5 is hydrogen or lower all^l. 

8, The compound of claim 7 selected from the group consisting of: 




9. A compound of the formula: 



o 




1-12 
where 

Ri is a halogen, amine or an optionally substituted alkyl, alket^l, alkynyl, alkoxy» caiboxy, cycloalkyl, 
heterocycloalkyl, aiyl or heteroaiyl. 

10. A compound of claim 9 selected firom the group consisting of: 
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; and 



Me 
where 

Ri and/or Rs are, ihdependenfly, halogen, H, OH, =0 or an optionally substituted alkyl, alkenyl, alkynyl, 
cycloalkyi, heterocycloallsyl, aryl, heteroaiyi, -CORs, where Rg is H, -OH, an optionally substituted alkyl, alkenyl, 
alkynyl, cycloalkyi, heterocycloalkyl, aryl or heteroaiyi, or -OR^ or -NR6R7 where Re and R7 are each 
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independently hydrogen or an optionally substituted alkyl, alkenyl, sikynyU cycloalkyl, heterocycloalkyl, aiyl or 
iieteroaiyL 

12, A compound of claim 1 1 selected fiom Hhe group consisting of: 




13. A compound of the formula: 



o 




n-5 

wherein Ri, R2, R3 and K^ when present, are independently halogen. H, amino, hydroxy, halogen-substituted 
amino, -O-allsyl, -O-aryl, or an optionally substituted alkyl, alkenyl, alkynyl, cycloalkyl, heterocycloalkyl, aiyl, 
heteroaiyl. -COR«, where Rs is H, -OH an optionally substituted alkyl, alkenyl, alkynyl, cycloallgrl. 
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heterocycloalkyl, aiyl or heteroaiyl, or -OR^ or -NIUR7 where and R7 are each independently hydrogen or an 
optionally substituted allQfl, alkenyl, alkynyl, cycloalkyl, heterocycloalkyl, aiyl or heteroaryl; and 
R4 is, when present, is independently selected from hydrogen, halogen or alkyl. 

14. A compound of the formula: 



O 




n-5 



where 

Ri andR2 are, independendy, an optionaUy substituted all^l, alkenyl, alkynyl, alkojcj^, carboxy, cycloalkyl, 
heterocycloalkyl, aiyl, heteroaiyl, halogen, -CORs, where Rs is H, -OH an optionaUy substituted alkyl, alko>Qr, or 
-OR6 where Re is independently hydrogen or an optionally substituted alkyl; and 
R4 is hydrogen, halogen, ormethoxy. 

15. The compound of claim 14 selected from Ihe group consisting of: 




-145- 



wo 02/44183 



PCT/USOl/44815 




-146- 



wo 02/44183 



PCT/USOl/44815 




16. A compound of the fonnula: 



o 




n-6 

wherein Ri, and R3. when present, are, independently, halogen, amino, hydroxy, halogen-substituted ainino, 
-0-alkyl, -0-aiyl, or an optionally substituted aflgrl, alkenyl, alkynyl, cycloalkyl, heterocycloalkyl, aiyl, 
heteroaiyl, -CORs* where Rg is H, -OH, an optional)^ substituted all^l, alkenyl, allQ^yl, cycloalkyl, 
heterocycloalkyl, aryl or heteioaryl, or -ORe or -NR^R? where Rg and R7 are each independently hydrogen or an 
optionally substituted alkyl, alkenyl, alkynyl, cycloalkyl, heterocycloalkyl, aiyl or heteroaryl; and 
R4 is, when present, is independently selected from hydrogen, halogen or alkyl. 

17. A compound of the formula: 
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O 




n-6 

where 

Ri, R2 and R3 are, when present, independently, halogen, hydrogen, an optionally substituted all^l, alli^l, 
alkynyl. alkojgr, caiboxy, cycloalkyl, heterocycloalfcyl, aiyl, heteroaryl, halogen, -CORs, whae Rg is H, -OH an 
optionally substituted alkyl, alkoxy, or -OR6 where Rg is independently hydrogen or an optionally substituted 
alkyl. 

18. A compound of claim 17 selected from the group consisting of: 




19. A method of inhibiting PARP activily in a mflmmfll cmnprifiing admtmgfering y^jd mamnr'^l^ In ^ 

phannaceuticalty acceptable excipient, a compound of any of dauns 1-lS. 

20. A method of treating diseases or conditions selected from the groiqi consisting of tissue damage 
resulting from cell damage or death due to necrosis or apoptosis, neuronal mediated tissue damage or diseases, 
neural tissue damage resulting from ischemia and reperfiision injury, age-related macular degeneration, AIDS and 
other immime senescence diseases, arthritis, gout, cachexia, cancer, degenerative diseases of skeletal muscle 
involving replicative senescence, diabetes, immune senescence, muscular (fystrophy, osteoarthritis, osteoporosis, 
neuropathic pain, nervous insult, peripheral nerve injury, renal Mure, retinal ischemia, septic shock, and skin 
aging, diseases or disorders relating to lifespan or proliferative capacity of ceUs, and diseases or disease 
conditions induced or exacerbated by cellular senescence, comprising administering a compound of any of claims 
M8. 
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21. A pharmaceutical composition comprising a phannaceuticaliy acceptable carrier and at least one 
compound of any of claims 1-18. 

22. A method of inhibiting PARP in a manunal comprising administering a therapeutically effective 
amount of a composition of any of claims 1-18 to a mammal in need of said inhibition. 

23. A method of treating at least one of neural tissue of a manunal damaged as a result of ischemia or 
repeifiision injury, or neurological disorders or neurodegenerative diseases; treating vascular strote; treating 
cardiovascular disorders; treating at least one condition selected from age-related muscular degenemtion, AIDS, 
an immune senescence disease, inflammatiou, gout, arthritis, atherosclerosis, cachexia, cancer, a degenerative 
disease of skeletal muscle involving replicative senescence, diabetes, head trauma, inunune senescence, 
inflammation, gout, inftanunatoiy bowel disorders (such as colitis and Crohn's disease), muscular dystrophy, 
osteoarthritis, osteoporosis, chronic and/or acute pain (such as neuropathic pain), renal Mlure, retinal ischemia, 
septic shock (such as endotoxic shock), or skin agmg; extending the Ufespan and/or proliferative capacity of 
ceUs; altering gene expression of senescent cells; radiosensitizing hypoxic tumor cells, or treating a cardiovascular 
disease in an animal, such as angina pectoris, myocardial m&rction, cardiovascular ischemia or cardiovascular 
tissue damage related to PABP activation said method comprising administering a therapeutic elective amount of 
a composition of an^ of claims 1-18 to a mammal in need of said treatment 

24. A metiiod of claim 23, wherein said neurological disorder is selected fiom the group consisting of 
peripheral neuropathy caused by physical injury or disease state, such as Guillain-Barre syndrome, traumatic brain 
injury, physical damage to the spinal cord, stroke associated with brain damage, focal ischemia, global ischemia, 
reperfusion injury, demyelinating disease, such as multiple sclerosis, and neurological disorder relating to 
neurodegeneration, such as Alzheimer's Disease, Parkinson's Disease, and amyotrophic lateral sclerosis; said 
reperfusion injury is a vascular stroke 
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